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METHODS JXJRMIOR^ 

STACKING OF DNA IN EUKARY0TIC GENOMES 

CROSis sEaera^ to related applications 

This application claims the priority benefit of U.S. Provisional 
Application Serial No. 60/220,062 Bled July 21, 2000. 

FIEIJ) OF THE 

[001] This invention plains to Ihe field of mbthods^Ibr qbtainiiig specific ;md 
staWe integration^of nucleic acids into chromosomes ^of eufc^ Mxnre^sp^^ 
the Wention;rdates to methods ^f^^ 

in a target construct. The indention makes use of site-specific recombiMlipn syst^misr , 
that use prokaryotic recombinase polypeptides, such as 1he^01 integr^ 

BAOMJitouND^- ' ^ ' 2. , jjj. 

[002] Since the pioneering transformation advances of the early 1980' s, much 
of the research efforts have been directed, and rightly so, to a hoiizontal spread^of the 
technology. As a result of this emphasis, it is now possible to, transform a wide variety 
of plant species. The trade off, however, has been less attention devoted to advancing 
the efficiency of the transformation process itself. Compared to many microbial 
systems, plant transformation appears somewhat antiquated. Whereas millions of 
independent transformants are routinely obtained with many microbial systems, in 
plants, the numbers are generally in the single to double-digit range. Hence a shotgun 
transformation approach to gene discovery is an option that has not been seriously 
entertained. 

[003] Unlike microbial gene transfer that reqmres analysis of relatively few 
represexitative clones due to the highly consistent phenotypes, plant gene transfer 
involves independent transformants that show highly variable levels and patterns of 
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expression. Accordingly, for a typical DNA construct, twenty to fifty independent 
primary transformants are needed. For the coimnercial development of a new trait, 
hundreds of independent transformants are screened for the few with suitable transgene 
structure and expression. 

[004] The underlying reasons for the high variablUty in transg^ 
in plants are not completely understood, but at least four factors are inyolved in this 
phenomenon. (1) Tissue culture: Somaclonal variation has long been associated with 
tissue culture regenerated plants- Changes in chromosome structure and ploidy, DNA 
sequence, DNA modification, and transposon activity have all been reported in 
somaclonal variants (Peschke and Phillips, 1992 Advances in Genetics, 30:41-75; 
^ Kaeppler et al., 2000 Plant MoL BioL, 43:179-88). (2) Integration site: Chromosomal 
structures such as telomeres or heterochromatin are known to affect the expression of 
nearby genes (Stavenhagen and Zakian, 1994 Genes and Dev., 8:1411-22; Howe-6t oZ., 
1995 Genetics, 140:1033-45; Walbath and Hgin, 1995 Qenes and Dev. 9:1263-9^7). 
As a transgene integrates at random locations, chromosomal influences on transgene. 
Mpression can be expected to differ among independent transformants (Meyer, 2000: 
Plant Mbl. BioL, 43:221-34). (3) Transgrae redundancy: Transformed ^plants oftm 
coDitain variable numbers of transgenes. Rarely is there a positive correlation between 
gene expression and copy number. Op the contrary, naany cases have linked extra full 
or partial transgene copies to ppstrancdptional and tntns^^ gene silenciiig 

(Muskens et aZ., 2000 Plant MoL BioL, 43:243-60; Matzke et oZ., 2000 Plant Mot 
BioL, 43:401-15). (4) Genetic, mutations: As expectedfor any genetic, manipulations, 
. there is always the possibility of acquiring point mutations, deletions or rearrangements 
(Battacharyya et al., 1994 Plant J., 6:957-68). 

[005] Cunrent methods in plant gene transfCT often produce a complex 
integration structure at the insertion locus. Typically, multiple full and/or partial 
copies of the introduced molecule are arranged as direct and/or indirect repeats. Also 
inserted are selectable markers and other regulatory regions that are uimecessary after 
selection of a desired organism or plant containing the constructs. These complex 
patterns are not necessarily an impediment for research, but they are not desirable for 
commercial use. Structural documentation is a prerequisite for regulatory approval and 
a simple integration pattern is easier to characterize. Repetitive DNA also tends to be 
stmcturally and functionally unstable. Repeat sequences can participate in intra- and 
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intex-chromosomal recombinatioii. Even if a complex integration locus yields a 
suitable phenotype, it may be difiBcult to maintain liie original stracture, along with its 
defined expression pattern, through the numerous crosses involved in breeding and 
seed production programs. Multiple gene copies, particularly if some are arranged as 
indirect repeats, are j&equently associated with homology-dependent gene silencing 
(Iyer a/„:2000 Plant MoL Biol, 43:179-88; Muskens .,er aZ., 2000 supra). 

[006] Methods based on site-specific recombination systems have been 
described to obtain randomly integrated single copy transgenes by excising excess 
linked copies from the genome (Srivastava and Ow, 1999 Proc. Nafl. Acad. Sci. USA, 
96:11117-11121; Srivastava and Ow, 2001 Plant MoL Biol. 46:561-566) and to insert 
DNA at a known chiomdsome location in the genome (O'Gorman et al, 1991 Science, 
251:1351-55; Baubonis and Saner, 1993 NucL, Acids Res., 21:2025-29; Albert et al, 
1995 Plant J., 7:649-59). These mefliods make use of site-specific recombination 
systems that are freely reversible. These teversible systems include the foUowm the 
Cre-toc system from bacteriophage PI (Baubonis and Sau^, 1993, >wfpra; MhGct-etal, 
1995 Plant J., 7:649-59), the ELP-Flir system of Sacchromyces cerevisiae (O'Gorman 
et al., 1991, siq}ra), the R-RS system of ZygosaccfuiroTr^ces rotixii (Onouchi et d,, 
1995 Mol. Gen. Genet. 247: 653-660), a modified Gin-gix.syisteni from bacteriophage 
Mu (Maeser and TCshmmn^ 1991 Mol. Gen. Genet, 230: 170^76), the.P-recambinase- 
six system from a Bacillus suhtilis plasmid piaz et cd,, 1999 J. BioL Chem. 274: 663^4t. . 
6640), and the y^-res system from the bacterial transposon ThlOOO (Schwikardi and 
Dorge, 2000 FEES let. 471: 147-150). Cre, FLP, R, Gin, P-recombinase and yS are 
the recombinases, and lox, FRT, RS, gix, six and res the respective recombination sites 
(reviewed by SadowsM, 1993 FASEB J., 7:750-67; Ow and Medberry, 1995 Grit. Rev. 
Plant Sci. 14: 239-261). 

[007] The recombination systems above have in common the property that a 
single polypeptide recombinase catalyzes the recombination between two sites of 
idmtical or nearly identical sequences. Each recombination site consists of a short 
asymmetric spacer sequence where strand exchange takes place, flanked by an inverted 
repeat where recombinases bind. The asymmetry of the spacer sequence gives an 
orientation to the recombination site, and dictates the outcome of a recombination 
reaction. Recombination between direcfly or indirecfly oriented sites in cis excises or 
inverts the int^ening DNA, respectively. Recombination between sites m trans 
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causes a leciprocal translocation of two linear DNA molecules, or co-integration if at 
least one of the two molecules is circular. Since the product-sites generated by 
recombination are themselves substrates for subsequent recombination, the reaction is 
freely reversible. In practice, however, excasionis essentially irreversible because the 
probability of an intramolecular interaction, where the two recombination-sites ate 
closely linke4 is much higher than an intermolpcular linteractiqn between unKnkeiJ 
sites. The corollary is that the DNA molecule inserted into a genomic recombination 
. site will readily excise out. 

[008] In contrast to the freely reversible recombination systems, there are 
recombination systems that can catalyze irreversible reactions. In one such system 
from bacteriophage phage X, the X integrase recomhines non-similar sequences known 
as ottB and attP to from attL and oflR, respectively. This reaction reqtiires DNA 
supercoiling of the target sites, and accessory proteins IHF and HS. The reverse 
reaction, from attL x ottR to fonn ottB and attP^ rpquires an additional exciaion^ 
specific protein known as XIS. Mutant integrase proteins can perform intramolecular, 
but not intennolecular, reactions without fhe^e requirements. Using these mutant^X 
integrases, Lorbach et al. (2000 J. MoL Biol., 296:1175-81) demonstrated DNA 
inversions in recombination targets introduced into the human genome. 

[009] A more useful irreversible recombination system described in the prior 
art is the Streptomy ces ;phaigQ (j)C3 1 .recombination system. A;68 kDa integrase protein 
recomhines an auB site with an attP site. These sites share only three base pairs of 
homology at the point of cross-over. This homology is flanked by inverted repeats, 
presumably binding sites for the integrase protein. The minimal known functional size 
for both the 4)C31 attB and attP is approximately 30 to 40 base pairs. The efficacy of 
the ^C31 integrase enzyme in recombining its cognate attachment sites was 
demonstrated in vitro and in vivo in recA mutant Escherichia coli (Thorpe & Smith, 
1998 Eioc. Nafl. Acad. Sd. USA. 95: 5505-10). Unlike the phage X system, the <|)C31 
integration reaction is simple m that it does not require a host factor. Unlike the phage 
X mutant integrase system, it is capable of interaiolecular as well as intramolecular 
reactions. 

[0010] Prior art that uses reversible recombination systems require complicated 
strategies to keep the DNA from excising or exchanging back out from the genome. 
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What are needed in the art are compositiaas and methods for achieving stable site- 
specific integration of transgenes such that 1) the DNA molecule is introduced as a 
single copy; 2) the inserted DNA does not readily excise back out, 3) excess DNA 
associated with the gene integration process, but is no longer needed afterwards, can be 
removed, and/or 4) additional DNA can be appended to the existing site adjacent to the 
previously iiiserted DNA. 

;SIJM1VIARY^0FTB^ 
[0011] The present invention fulfills the need for compositipxis and noethods for 
obtaining stable site-specific integration of transgenes with a limited number of 
integration and/or excision st^s. These integration and/or excision steps lead to 1) the 
DNA molecule is introduced as a single copy; 2) the inserted DNA does not readily 
excise back out, 3) excess DNA associated with the gene integration process, but is no 
longer needed afterwards, can be removed, and/or 4) additional DNA can be appended 
to the existing site adjacent to the previously inserted DNA. 

[0012] la particular, the present invention provides a method of gene 
replacement in a eukaryotic cell that includes the use of irreversible recombination sites 
and irreversible recombinases such as those from phage (|)C31. Not only does the 
present invention provide for the stable integration of a single copy of the introduced 
DNA, the present invention describes for the first time the use of irreversible 
recoinbinases in .a naanner that . results in.replacement of a receptor construct with .a 
donor construct in one or two steps. Accordingly, the replacement methods described 
herein are superior to the integration and excision methods of the prior art. 

[0013] The present invention specifically provides a method for obtaining site- 
specific gene replacement in a eukaryotic cell including the steps of: 1) providing a 
eukaryotic cell that comprises a receptor construct that contains a receptor 
polynucleotide flanked by two of a irreversible recombination site (hereinafter referred 
to as *TRS"); 2) introducing into the cell a donor construct that contains a donor 
polynucleotide flanked by two of a irreversible complementary recombination site 
Giereinafter referred to as "CIRS'O; and 3) contacting the receptor construQt and the 
donor construct with an inevrasible recombinase polypeptide. Preferably, the 
irreversible recombinase polypeptide is a ^C31 recombinase, and the recombinase 
catalyzes recombination between the first (IRS) and second (CIRS) types of 
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lecombination sites, resulting in replacement of the receptor polynucleotide with the 
donor polynucleotide and the formation of a replacement constmct (Hgure 1A)» K the 
case of the 4C31 recombination sites, if the IRS is attP, then GIRS is aUBy or if IRS is. 
a«B, then GIEIS is affP. 

[0014] The methods of the present invention can be used to transfer 
polynucleotides^m inulti^ into multipk^types pf ;^rcceptc)ri . 

constructs. For example, ;the present invention can be used to transfer polynucleotides 
from a drciilar) vector such as a plasmid into a chromosome or from a DNA segment 
from one chromosome to another. The present invention can also be used to transfer- a 
Unear, polynucleotide of any length, as long as the polynucleotide is located between 
the tWQ CIE551. -Preferably the DNA to be traiisf erred ^^^^ This 
aspect of die present invention allows for direct transfer of a polynucleotide, from ;a^ 
cDNA library into a receptor construct such as a chromosome and eliminates the 
additional intervening step of cloning the polynucleotide into a plasmid vector. 

[0015] yUso included in the present invention are methods of deletiii^ undesiied 
nucleotide sequences in the rq)laceinent construct that include contacting the 
replacement construct with a reversible recombinase. In these methods, the donor 
construct and the receptor construct each contain two or more reversible recombinatibh 
sites (heteinaftca: referred to as ••RRS") that are recognized by tfie reversible . 
recombinase,. In one embodiinent, the. reyerssible recombinase is Cre and^ the 
recombination sites are lox sites. 

[0016] Combining both the replacement and deletion strategies, the present 
invention provides methods for gene stacking in a eukaryotic cell. The method of the 
present. invention results in a precise stacking of a series of trait genes at a genomic 
location without incorporating other unneeded DNA that could cause additional 
concerns, such as antibiotic resistance markers. The method is described in further 
detail below. 

[0017] These above- and below-described methods can be used to stably 
integrate a polynucleotide into any eukaryotic cell that can be transformed by a 
polynucleotide. In a preferred embodiment, the eukaryotic cell is a plant or an animal 
cell. Accordingly, the present invention additionally includes methods of producing a 
transgenic TnflTnmalfi and plants. A method described herem for producing a transgenic 
plant includes the steps of: 1) providing a receptor plant comprising a chromosomal 
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receptor polynucleotide flanked by two of a irreversible recombination site (IRS); 2) 
providing a donor plant comprising a chromosomal donor polynucleotide flanked by 
two of, a irreversible complementary recombination site (CIRS); and 3) crossing the 
^ donor plant and the receptor jdant lo produce a hybrid transgenic plant. According to 
the present invention, the transgenic plant produced by this mpthpd expresses an 
irreversiblerecpnabinasepolypeptide.thatp . 
the CIRS and replacement of the receptor polynucleotide with the donor 
polynucleotide, thereby forming a chrpmosonaal . replacement construct in the 
transgenic plant Jn a preferred embodiment, the receptor plant is a single copy 
receptor line. In further embodiments, progeny of the transgenic plant are selected that 
contgiin the replacement construct but do not express the irreversible recombinase 
polypeptide. 

BRIW DESCMPIION OE IBE DRAW^ 
[0018] All Figures depict schematic (not to scale) represenMions.. ^ < : 

Whereas promoters for gene transcription are explicitly indicated in the figures, for 
simplicity, tenninatprs that promote transcription termination and lierdownstream.bf 
every coding region are not shown as separate elenients. 

[0019] Figures lA and IB show the DNA exchange reaction by the use/of 
reversible or irreversible recombination systems. In the irreversible recombmation 
system (Figure lA), &e recombinatipn betwera and CIRS forms hybrid' sites thiait 
aie no longer recognized by the irreversible rec^^ ]fa the reyerable 

recombination system (Figure IB), the recombination betwem RRS and RRS will 
produce two product RRS sites that can continue to recombine with each other. Hence 
DNA that exchanges into the site can also exchange out This example shows two 
different RRS sites, designated as RRS-1 and RRS-2. 

[0020] Figures 2A-G show a dual-site recombination strategy at the 5, pombe 
leul locus. The linear attB-ura4^-attB DNA, derived from pLT50 (Figures 2A-B) 
recomhmes on both ends of the molecule resulting in a precise gene replacement 
(Figure 2C, class 1). Additionally, some side reactions were observed, where the linear 
molecule redrcularized by homologous recombination to form a circular intermediate 
(Figure 2D) prior to insertion into eitiier the 5* attP (Figure 2E, class 2) or the 3' attF 
site (Figure 2F, class 3) of the target locus. When circular pLTSO was used as a 
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transformation substrate, one clone was recovered where a single recombination 
between the 5'af^5 site of pLT50 and the ^attP site of leul locus produces the 
structure shown Pgure 2G, class 4). Predicted sizes of endonuclease XbcLL (X) otNdel 
(N) cleavage products are shown. ' 

[0021] "Figure 3 shows transformation efficiency as a function of integrascr 
DNA concentration (panel C). Fy529atfP (panel A) or ro29atffix2 (p^nel B)^^ w^^ 
transfcraned with 1 jxg of pLT45 or pLT50 DNA, respectively, along with various 
amounts of pLT43 PNA. 

[0022] Figure 4 shows a strategy for integration of a . linear cDNA molecule 
mto a Chromosome of a mammalian cell. In this case, each pair of IRS or CIRS is 
arranged as direct repeat sequences. ^ 

[0023] Figures 5A and 5B show a strategy for sense and antisense expre3sion 
of a linear cDNA upon integration into a mammalian cell. In this case, each^.pair of 
IRS or CIRS is arrangisd as indirect repeat sequences. Hgures 5C-D show thetDNA 
substrates to demonstrate the sense expression of the introduced reporter gene ftjE??. 
Figure 5E shows the smgje copy receptor construct in the hiiman genome. Hgure =5F 
shows a strategy for thePCR detection of DNA exchange. 

[0024] Figures 6A and B show a strategy for sense and antisense expression of 
a cDNA upon integration into a plant cell. No selectable marker is attached to>the 
cDNA in the practice of these methods. 

[0025] Figure 7 shows a general strategy for incorporating only a desired 
polynucleotide. Extraneous DNA such as selectable markers is removed. Open 
arrowheads represent recombination sites for a reversible recombinase; 'Hnf is a gene 
that encodes a recombinase, ''seir and ''selT' are selectable markers, "P" is a 
promoter, and "traif is a polynucleotide of interest that when expressed confers a 
desired trait upon a cell. 

[0026] Figures 8A-J show a general strategy for "stacking" genes, ''trait r\ 
''trait 2" etc., are individual genes of interest that, when expressed, confer a deshred 
trait upon a cell. 

[0027] Figures 9A-J show a second strategy for "stackmg" genes. In this case, 
inverted recombination sites are employed. 
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[0028] Figures lOA-C show a strategy where a single unit of a DNA 
concatemer can insat into flie genome through gene replacenaent In this instance, 
directly oriented dual recombmation sites are used. 

[0029] Figures llA-C show a strategy where, a single unit of ^.'DNA 
concatemer can insert into the genome through gene replacement In this instance, 
indirectly prientedydualrecombma^^ 

[0030] Figures 12A-C show a strategy for site-specific replacement of a 
polynucleotide between plant chromosomes, otherwise referred to as a "DNA fragment 
translocation" event, followed by the removal of DNA no longer needed for the 
expression of the trait gene (exemplified by PS-gus). 

[0031] Figure 13 shows a strategy for site-specific replacement of a 
•polynucleotide between plant chromosomes using reversible recombiriases, where/Cre- 
lox is used to translocate the trait gene (P2-^j) from donor to receptor chromosomes, 
and a second reversible recombination system, such as ELP-F/JT, is used to 
subsequently remove the unneeded DNA 

DETAILED DESCRIPTION 

[0032] The preset mvention provides methods for obtaining stable, site- 
specific polynucleotide replacement or insertion m eukacyotic cells. For example, the 
invention provides methods for teplsuring a gene with a second gene in a site-specific 
mann er- The methods of the invention provide several advantages over previously 
available methods. For example, the methods of the invention.allow one to.introduce a 
linear DNA molecule into the genome of a eukaryotic ceU without the need for a 
selectable marker. Thus, a cDNA molecule, for example, can be introduced into a 
eukaryotic cell without the need for an intermediate step of cloning the cDNA into a 
plasmid vector. The invention also provides means for introducing a desired 
polynucleotide into the chromosome of a eukaryotic cell and subsequenfly removing 
unneeded DNA, such as selectable markers and the like, that were used to introduce the 
DNA into the cells. In addition, one can use the methods of the invention to "stack," or 
sequentially introduce two or more genes, at a single chromosomal locus. 

[0033] In a preferred embodiment, the metiiods of the invention use 
recombinase systems to achieve stable site-specific replacement of polynucleotides in 
chromosomes of eukaryotic cells. The term "recombinase system" as used herein 
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refers to a recombinase (reversible or iireversible) and the recombination sites that 
serve as its substrate in a recombination reaction. Nonetheless, the naethods described 
herein can be used to transfer a polynucleotide from multiple types of donor constructs 
into multiple types of receptor constructs. For example, the present invention can be . 
used to transfer polynucleotides j&rom a circular vector such as a plasmid to a 
chromQspnie, froin one circular vect^^ one chromosome to another. 

More importantly, the>present inveiition can be used to transfer linear polynucleotides 
into chromosomes or circular vectors. Preferably, the linear polynucleotide is 
approximately about the same length as the receptor site DNA that is being replaced. It 
is to be understood that the term circular vector encompasses a circular chromosome. . 
[0034] In one embodiment of the present invention, the method for obtaining 
site-specific gene replacement, in a eiikaryotic. cell includes providing a cell^that 
contains an irreversible recombinase as well as a donor constract and a receptor 
construct wherein the donor construct comprises two or more IRS and the receptor: 
construct comprises two or miore GDIS. The irreversible recombinase catalyzes 
recombination between the mS and the CIRS, replaces a receptor polynucleotide with? 
a donor polynucleotide and fliereby forms a replacement constract (see I'igure 1). In^a 
preferred enibodiment, the receptor construct comprises two JRS and the donor 
construct comprises two CIRS. In another embodiment, the . recq)tor construct 
comprises 'thtee IRS and tihie donor constract comprises three CIRS. 
[0035] As used herein, the term "irreversible recombinase" refers to a 
polypeptide that can catalyze recombination betwem two complementary irreversible, 
recombination sites, but cannot catalyze recombination between the hybrid sites that 
are formed by this recombination without the assistance of an additional factor. 
Irreversible recombmase polypeptides, and nucleic acids that encode the recombinase 
polypeptides, are described in die art and can be obtained using routine methods. For 
example, a vector that includes a nucleic acid fragment that encodes the (|)C31 integrase 
is described in US Patent No. 5,190,871 and is available from die Northern Regional 
Research Laboratories, Peoria, Illinois 61604 under the accession number B-18477. 
Examples of other kreversible recombinases include, a coliphage P4 recombinase (Ow 
& Ausubel, 1983 J. Bacteriol 155: 704-713), a coliphage lambda integrase QLorbach et 
ed., 2000 J. Mol. Biol., 296:1175-81), a Listeria A118 phage recombinase (Loessner et 
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al, 2000 Mol. Micro. 35: 324-340), and an actinophage R4 Sie recombinase (Matsuura 
et aU 1996 J. Bacteriol. 178: 3374-3376), 

[0036] The tenns "irreversible recombination site" and "IRS" theiefoie refer to 
a recombination site tiiat can serve as the first of two substrates for an irreversible 
recombinase and that is modified to a hybrid recombination site following 
recombination at that site. Tlie terms "complementary irreversible recombination site" 
and "CIRS" refer to a recombination site that can serve as the second of two substrates 
for an irreversible recombinaise and that is modified to a hybrid recombination site 
following homologous recombination at tiiat site. Accordingly, in one embodiment of 
the present invention, a vector donor construct comprises one or more CIRS and a 
chromosomal receptor construct emprises one or more IRS. In another embodiment, 
both a chromosomal donor construct comprises two CIRS and a chromosomal receptor 
construct comprises two IRS. 

[0037] One example of an irreversible recombinase and its corresponding^IRS ' s 
is the ^C31 integrase and the attB and attP sites. It is to be understood that the oitB 
site and attP site can be referred to as either an IRS or a CIRS. If ottS is the IRS, then 
attP must be the CIRS. Conversely, if attP is the IRS, theh attB must be fhe^ORS. 
The <^C31 integrase, catalyzes only flie attB x oTtP reaction in tiie absence of an 
additional factor not found in eukaryotic cells. The recombinase cannot mediate 
recombination between the attL and attR hybrid recombination sites that are formed 
upon recombination between attB and aitP. Because recombinases such as the ^C31 
integrase cannot alone catalyze the reverse reaction, the <|)C3i attB x aUP 
recombination is' stable. Thus, the use of tiiese recombinases is unlike other 
recombination systems, such as the Cct-lox or FLP-FRT systems in which a hybrid site 
can serve as a substrate for the recombmase, thus resulting in a reversal of the 
recombination reaction. For example, the insertion of a circular molecule into a target 
site can lead to the reverse excision of the same introduced DNA. The irreversible 
recombinases cannot catalyze the reverse reaction, so the integration is stable. 

[0038] Mor© generally, the term "recombination site" refers to a nucleotide 
sequence that is recognized by a recombinase and that can serve as a substrate for a 
recombination event. Although not included within the term "recombination site", the 
present invention also encompasses the use of "pseudo-recombination sites." Pseudo- 
recombination sites are polynucleotide sequences that occur naturally in eukaryotic 
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chromosomes and can serve as a substrate for a recombinase. Pseudo-recombination 
sites are described in, for example, PCT AppHcation No. PCTAJS99/18987 (WO 
00/11155). 

[0039] It is to be understood that recombination sites generally ;have an 
orientation, or in other words, they are not palindromes. The recombination sites 
typically include left.and nght^arms separited lDya co^^ T]m^,m:attB 
recombination site consists of BOB', where B and B* are the left and right anns, 
respectively, and 0 is the spac'er.region. Similarly, attP is POP', where P and P* arejhe 
anns and G is again the spacer region. Upon recombination between the ottB and attP 
sites, and concoinitant integration of a nucleic acid at the target, the recombination sites 
that flank the integrated DNA are referred to as ''aUU' md "aatkr The attL md attR 
sites, using the terminology above, thus consist of BOP' and POB', respectively. In 
most representations herein, the "O'* is omitted and ottB and attP, for example,, ate 
designated as BB* and PP', respectively. The orientation of the recombination .sites in 
relation to each other can determine which recombination event takes place; The 
recombination sites may be in two different orientations: directiy oriented (saine 
direction) or oppositely oriented. When the recombination sites are present on a single 
nucleic add molecule and are directiy oriented with respect to each other, then, the 
recombination event catalyzed by the recornbinase is typically an excisioii of tfie 
intervening nucleic acid. When the recombination sites are, oppositely oriented, then 
any intervening sequence is typically inverted. 

[0040] The recombinases can be introduced into the eukaryotic cells that 
contain the recombination sites by any suitable method. For example, one can 
introduce the recombinase in polypeptide form, e,g.y by microinjection or other 
methods. In presentiy preferred embodiments, however, a gene that encodes the 
recombinase is introduced into the cells. Expression of the gene results in production 
of the recombinase, which then catalyzes recombination among the corresponding 
recombination sites. Additionally, the receptor and donor constructs can be introduced 
into the eukaryotic cell by conventional transformation methods. If desired, inverted 
recombination sites can be used to facilitate the construction of single copy transgenes 
by the resolution of complex integration patterns as described in, for example, U.S. 
Patent No. 6,114,600. Alternatively, single copy transgenic recipients can be obtained 
through molecular screening methods. 

12 



wo 02/08409 




PCT/USOl/23049 



[0041] The methods of the present invention can be used to stably integrate 
polynucleotides into the genome, of a host organism. As mentioned above, the present 
invention provides a method for obtaining site-specific gene replacement in a 
eukaryotic cell that includes the steps of: 1) providing a eukaryotic cell that comprises 
a receptor construct containing a receptor polynucleotide flanked by two of an IRS; 2) 
introducing into the ceU a donopconst^ 

by two of a CIRS; and 3) contacting the receptor construct and the donor construct with 
an irreversible, recombinase polypeptide. Figure 1 A exemplifies this scheme of events. 
Note that the use of a reversible recombinase system (see Figure IB), such as with the 
CrGrlox lecomhination, where Cre recombines loxP with loxP, and loxSll with loxSll, 
will also cause a DNA exchange reacfion (loxSll is a variant of the wild type loxP 
sequence). Howevd:, the exchange reaction will be reversible and hence less efficient 
than the irreversible reaction catalyzed by an irreversible recombmase system- 
Preferably, the irreversible recombinase polypeptide is a (|)C31 recombinase^ and the 
recombinase catalyzes recombination between the IRS and CIRS, resulting in 
replacement of the receptor polynucleotide with the donor polynucleotide. 
[0042] In one embodiment of the present invention, the donor polynucleotide 
includes a promote operably linked to a gene of interest. 'Tromotoc" refers to a region 
of DNA involved in binding the RNA polymerase to initiate transcription. An 
"inducible promoter" refers to a promoter that directs expression of a gene where the 
level of expression is alterable by environmental or developmental factors such as, for 
example, temperature, pH, transcription factors and chemicals. A DNA segment is 
"operably Unlced" when placed into a functional relationship with another DNA 
segment. For example, DNA for a signal sequence is operably linked to DNA 
encoding a polypeptide if it is expressed as a preprotein that participates in the 
seoetion of the polypeptide; a promoter or enhancer is operably linked to a coding 
sequence if it stimulates the transcription of the sequence. Generally, DNA sequences 
that are opraably linked are contiguous, and in the case of a signal sequence both 
contiguous and in reading phase. However, enhancers, for example, need not be. 
contiguous with the coding sequences whose transcription they control. linking is 
accomplished by ligation at convenient restriction sites or at adapters or linkers 
inserted in lieu thereof. 
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[0043] As used herein, the "gene of interest" enco(iBS a polypeptide that 
imparts a desired trait to the host cell or host organism. The desired trait can be, for 
example, increased production of an oil or fatty acid, or more simply, incieas^ 
production of the polypeptide encoded by the gene of interest by the host cell or host 
organism. It will be understood by those of skill in the art that the "gene of interest" is 
not liinitedby ;the presept inventi^ encompasses any gene that paii be.pxpressed i|r^ 
a eukaryotic cell, 

[0044] In addition to operably linking the gene of interest to a promoter in the 
donor constract, and more particularly, the donor polynucleotide, it is also desirable to 
include one or more promoters in the receptor constructs. In a preferred embodiment, 
the receptor construct includes one promoter that is adjacent to one of the two IRS. 
More preferably, the promoter is located in the 5 prime direction.ficom one of the two 
IRS. Placement of a promoter adjacent to an IRS in the receptor, construct allows for 
expression of the donor polypeptide following the recombination event. In further 
embodiments, the receptor constmcts include additional promotes operably lirifeed-to 
selectable markers or the reconabinase gene itself. 

[0045] i A promoter can be naturally associated with the gene of interest, or it 
can be a heterologous promoter that is obtained jtom a differerit grae, or from^a 
different species. Where direct expression of a gene in all tissues of a transgenic plant 
or other organisni is desined, one can use a "constitutive" promoter, which is generally 
active under most environmental conditions and states of development or cell 
differentiation. Suitable constitutive promoters for use in plants include, for example, 
the cauliflower mosaic virus (CaMV) 35S transcription uiitiation region and region VI 
promoters, the 1 - or 2- promoter derived from T-DNA oi Agrobacterium tumefaciens, 
and other promoters active in plant cells that are known to those of skill in the art. 
Other suitable promoters include the full-length transcript promoter from Figwort 
mosaic virus, actin promoters, histone promoters, tubxiHn promoters, the mannopine 
synthase promoter (MAS), various ubiquitin or polyubiquitin promoters derived from, 
inter alia, Arabidopsis (Sun and Callis, 1997 Plant J., 11(5): 1017-1027), the mas, Mac 
or DoubleMac promoters (described in U.S. Patent No. 5,106,739. and by Comai et al., 
1990 Plant Mol. BioL 15:373-381) and other transcription initiation regions from 
various plant genes known to those of skill in the art. Such genes include for example, 
ACTll fromArabidopsis (Huang et al., 1996 Plant Mol. BioL, 33:125-139), Cat3 from 
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Arabidopsis (GenBank No. U43147, Zhong et aU 1996 Mol. Gen. Genet, 251:196- 
203), the gene encoding stearoyl-acyl carrier protein desaturase from Brassica napus 
(GenBank No. X74782, Solocombe aZ., 1994 Plant Physiol., 104:1167-1176), GPci 
from maize (GenBanlc No. X15596, Martinez et al, 1989 J. Mol. Biol, 208:551-565), 
and Gpc2 from maize (GenBank No. U45855, Manjm^ Plant Mol. Biol, 

33:97^X12). , . 

;[004Q other useful promoters for plants also include those obtained from Ti- 
er Ri-plasmids, frora plant cells, plant viruses or other hosts where the promoters are 
found to te functional in plants. Bacterial promoters that function in plants, and thus 
are suitable for use in the methods of the invention include the octopine synthetic 
promoter and the nopaline synthase promoter. Suitable endogenous plant promoters 
include the ribulose-l,6-biphosphate (RUBP) carboxylase /small subumt (ssii) 
promotq:, the ot-conglycinin promoter, the phaseolin promoter, the ADH promoter; and 
heat'^shbck promoters. 
[0047] Generally, a polynucleotide that is to be expressed a gene-of 
interest) will be preseiit in an expression cassette, meaning that the polynucleotide is 
operably linked to expression control sequences, promoters and terminators,, that 
are functional in the host cell of interest Expression cassettes for use in E. coli include 
the T7, trp, or lambda promoters, a ribosome binding site and preferably atranscriptiqp 
termination signal. For eukaryotic cells, the control sequences typically include, a 
promoter which optionally includes an enhancer derived from immunoglobulin genes, 
SV40, cytomegalovirus, etc., and a polyadenylation sequence, and may include splice 
donor and acceptor sequences. In yeast, convenient promoters include GALl-10 
(Johnson and Davies, 1984 Mol. CeU. Biol., 4:1440-1448) ADH2 (RusseU et al, 1983 
J. Biol. Chem., 258:2674-2682), PH05 (Meyhack et aZ., 1982 EMBO J., 6:675-680), 
and MFa (Herskowitz and Oshima, 1982, in The Molecular Biology of tlie Yeast 
Saccliaromyces (eds. Strathem, Jones, and Broach) Cold Spring Harbor Lab., Cold 
Spring Harbor. N.Y., pp. 181-209). 

[0048] Alternatively, one can use a promoter that directs expression of a gene 
of interest in a specific tissue or is otherwise under more precise environmental or 
developmental control. Such promoters are referred to here as "inducible" or 
"repressible" promoters. Examples of envixonmental conditions that may effect 
transcription by inducible promoters mclude pathogen attack, anaerobic conditions, 
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ethylene, elevated tempCTature or the presence of Ugjht Promoters under 
developmental control include promoters that initiate transcription only in certajtu 
tissues, such as leaves, roots, jEruit, seeds, or flowers. The operation of a promoter may 
also vary depending on its location in the genome. Thus, an inducible pronaoter imay 
become'fuUy or pa^ constitutive in certain locations. Inducible promoters-are often 
used to^^coirtrol lexpression of thus .allowing one to iCODptrQl Ife. 

timing of the recombination reaction. 

[0049] The tissue^specific E8 promoter from tomato is particularly useful for 
directing gene expression so that a desired gene product is located in fruits. See, e.g., 
Lincoln era/., 198S3^c. Nat'l. Acad, Sci. USA, 84: 2793-2797; Deikman >r oZ., 1988 
EMBO J., 7: 3315-3320; Deilcman et at., 1992 Plant Physiol., 100: 2013-2017. Oflier' 
suitable promoters include those from genes encoding embryonic storage proteins. 
Additional organ-specific, tissue-specific and/or inducible foreign prompters ai»> also 
known e.g., references cited m Kxihlemeier «r aZ., 1987 Ami. Rev. Plant Physiol., y 
38:221), including those 1,5-ribulose bisphosphate carboxylase small subunit genesrdf 
Arabidopsis thaliqna (the "ssu" promoter), which are light-inducible and active onlyan 
photosynthetic tissue, anther-spedfic promoters (BP 344029), and seed-rspecific 
promoters of, for example, Arabidopsis thaliana (gjcebbers flZ., 1988 Plant PhysipL, 
87:859). Exemplary green tissue-specific promoters include the maize phosphoenpl 
pyruvate carboxylase (PEPQ promoter, small submit ribulose bis-carboxyls^e 
promoters (ssRUBKCO) and the chlorophyll a/b binding protein promoter. The 
promoter may also be a pith-specific promoter, such as the promoter isolated,from a 
plant TrpA gene as described in Ihtemational Publication No. WO/93/07278. 

[0050] Inducible promoters for other organisms include, for example, the 
arabinose promoter, the lacZ promoter, tiie metallothionein promoter, and the heat 
shock promoter, as weU as many others that are known to those of sldU in the art. An 
example of a repressible promoter useful in yeasts such as S. ponibe is the Pmnt 
promoter, which is repressible by vitamin Bl. 

[0051] Usmg the present invention, a gene of interest operably linked to one or 
more of the above-described promoters can be transferred to a receptor cell, and more 
particulady, can be integrated into a receptor construct Additionally, a gene of interest 
can be operably linked to a promoter in the receptor construct upon integration of the 

gene of interest into the receptor constract. One advantage of the present invention is 
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that the gene of interest can be inserted into the receptor construct in either the sense or 
antisense orientation, and thus transcdbed as a sense or antisense mRNA. Both sense 
and antisense expression of the gene of interest can be achieved by flanking the gene of 
interest with two IRS that are inverted with respect to each other and flanking the 
receptor polynucleotide with two CIRS that are inverted with respect to each other. 
(See Figure 5 for an example). This stategy is pardculady usefifl^ '^^ donor 
construct is a linear DNA construct such as a cDNA&om a cDNA library. The present 
invention therefore encompasses a eukaryotic cell comprising 1) a donor construct 
including a gene of interest flanked by . two IRS that are inverted with respect to each 
other, 2) a receptor construct including a promoter adjacent to a receptor polypeptide 
flanked by two CIRS that are inverted with respect to each other, and 3) an irreversible 
recombinase polypeptide, wherein contacting the donor construct and the receptor 
construct results in recombination between the IRS and CIRS and replacement of the 
receptor polynucleotide with the donor polynucleotide. The present invention further 
encon^asses a method of achieving antisense expression of a gene of interest- 
cnmprifiiTig 1) introducing into a eukaryotic ceU a) a donor construct including a gene 
of interest flanked by two IRS that are inverted withrespect to each other, b) a receptor 
construct including a promoter adjacent to a receptor polypeptide flanked by two OKlS 
that are inverted with respect to each other, and c) an irreversible recombinase 
polypeptide and 2) contacting the donor constract and the recqptor with the irreversible 
recombinase polypeptide such that recombination between the IRS and CIRS and 
replacement of the receptor polynucleotide with the donor polynucleotide occura, 
Eukaryotic cells containing replacement constructs with the gene of interest in an 
antisense orientation are then selected by methods well known to those of skill in the 
art. 

[0052] The present invention is also particularly useful for integrating a single 
unit copy of a concatemeric DNA molecule into a eukaryotic host cell. Certain 
methods of introducing DNA into cells, such as biolistic delivery, are often associated 
with the insertion of a large number of linked DNA molecules. It is thought that this is 
caused by the prior ligation of linear DNA molecules, which are produced through 
breakage of the introduced circular plasmid DNA. The invention provides methods by 
which a single unit copy within the concatemeric DNA, without the rest of the 
concatemer, can be integrated into the receptor target site. This strategy is sometimes 
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more efficient that the integration of intact circular DNA as exemplified by Figure 3At 
The higher efficiency is due to substrate availability. Direct DNA delivery niethods 
produce a high percentage of concateineiization of extrachromosomal molecules, 
wMch reduces the number of the single copy drcidar substrates for the cointegration 
' reaction. For an exchange reaction, concatemers are still effective, as the oiijy^ 
, :^ .xequircinem tvv^ CH?^ .fli^^ dc^ior poljom^ 

Figure 3B, or in Figures 10 and 11. 

[0053] In order for site-specific gene replacement to take place in a host cell of 
the present invention, a recombinase polypeptide naust be present in the cell. In some 
embodiments of tiie invention, the introduction of the recombinase is acconaplished by 
introducing a nucleic acid that encodes the recombinase into the cell. A gene thsit 
encodes the leconobinase can be dther transiently or stably expressed in the cells. One 
can introduce the leconibinase gene into the cell before, after, or siniultaneously with^; 
the iutroductian of the donor construct. The recombinase gene can be present vdtKiii 
the donor construct itself of a separate vector. Figures 5A-B show one.embodimenfepf 
the present invention whexein the recombinase gene is present .on a separate vector. 
However, it is preferable that the recombinase gene is present within the reGq)t9r 
construct, and more inferably, within the receptor polynucleotide, Hgure 6A-B show, 
a preferred site-spedfic replacement strategy wherein the recombinase gene is present 
within the receptor polynucleotide. In other embodiments, the recombinase gene is 
introduced into a transgenic eukaryotic organism, e,g., a transgenic plant, aninial, 
fungus, or the like, which is then crossed with an organism that contains the donor and. 
receptor constructs containing the IRS and GIRS. The present invention thus provides 
nucleic acids that include recombination sites, as well as nucleic acids in which a 
recombinase-encoding polynucleotide sequence is operably linked to a promoter which 
functions in the target eukaryotic cell. 

[0054] To facilitate selection of cells ia which the desired gene replacement has 
occurred, the target construct can include (preferably between the recombination sites) 
a negative selectable marker. After introduction of the integrating construct and 
contacting with the recombinase, the cells are then subjected to negative selection to 
eliminate those cells that retain the negative selectable marker. Suitable examples of 
negative selection markers are known to those of skill in the art, and include, for 
example, the Hetpes simplex virus thymidine kmase gene that results in killing the 

18 



wo 02/08409 




PCTAJSOl/23049 



mammalian cells upon contact with ganciclovir. By this meliiod, one can select for a 
desired gene replacement event without the resulting transfprmed cell having 
extraneous DNA such as an antibiotic resistance gene or other selectable madcesr 
Figure 4 shows a preferred site-specific replacement strategy utilizing such a negative 
selectable marker. 

- [0055] ' Also oncluded in Ifae present invention are methods of d^^ 
nucleotide sequences in the replacement constract that includes contacting the 
replacement ccmsttuct with a second recombinase. In these methods, the donor 
cpiistnict and the receptor construct each contain two or more reversible recpmbination 
sites (hereinafter referred to as "RRjS") that are recognized by (or compatible with) the 
reversible recombiiiase. Htowever, the me^od' can also operate if the second 
lecombinase is a irreversible reconibinase. Hgare;7 illustrates the deletion of DNA 
that is no logger needed witii the use of a second recombinase system, either' of«a 
revHsible type (Figure 7A) or a irreyeraible type (Hgure 7B), where the corresponding 
IRS and CIRS are denoted as catP-2 and 
[0056] Similar to irreversible recombinases,. reversible reconibinases catalyze, 
lecomWnation betweai two complementary RRS. The recombinase and recombinatibii 
sites are termed •'reversible" because the product-sites generated by recombination 'are 
themselves substrates for subsequent recombination. Suitable reversible recombinase 
systems are well known to those of skill in .the art and include, for racaniple, the Cre-iox 
system. In the Cre-Zox system, the recombination sites are referred to as "lox sites" and 
the recombinase is referred to as "Gre". When 7o;c sites are in paraflel orientation (le.,. 
in the same direction), then Cre catalyzes a deletion of the intervening polynucleotide 
sequence. When lox sites are in the opposite orientation, the Cre recombinase catalyzes 
an inversion of the intervening polynucleotide sequence. This system functions in 
various host cells, including Saccharomyces cerevisiae (Sauer, B., 1987 Mol Cell Biol., 
7:2087-2096); mammalian cells (Sauer et al., 1988 Proc. Nat'l. Acad. Sci. USA, 
85:5166-5170; Sauer et al., 1989 Nucleic Acids Res., 17:147-161); and plants such as 
tobacco (Dale, et aL, 1990 Gene, 91:79-85) and Arabidopsis (Osborne et al., 1995 
Plant J-., 7(4):687-701). Use of the Cre-lox recombinase system in plants is also 
described in United States Patent No. 5,527,695 and PCT appUcation No. WO 
93/01283. Several different lox sites are known, including loxSll CHoess R. et al., 
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1986 Nucleic Acids Res., 14:2287-2300), lox66, lox71, lox76, lox75, lox43, lox44 

. ^Albert H. et al, 1995 Plant J„ 7(4): 649-659). 

[0057] Several other recombination systems are also suitable for use in these 

. applications/These include, for example, the ELP/FiRT system of yeast O^yznik, L.A. 
et flZa996 Nucleic Acids Res., 24(19):3784-9), the Gin recombinase of phage Mu 
-fCMsonl^N^ BioL, 243(3):437-57),.^e.^m ^pK 

(see, e.g., Kutsiikake K, et. a/., 1985 Gene, 34(2-3):343-5()), the PinB, PinD and KnF 
ftom Shigella (Tominaga A eraZ., 1991 J. BacterioL, 173(13):4079-87), and theR/i?5 
systempf the pSRl plasmid (Araki, H. aL, 1992 J. MoL Biol., 225(l):25-37). Thus, 
recombinase systems are available from a large and increasing number of sources. In 
one embodiment of the present invention, the reversible recombinase is Cre and the 
RRS are iox sites. 

[00581 With reversible recombination systems, the RRS m both the donor 
construct and the receptor construct are identical or nearly identical. It is also 
preferable that the^RRS in the donor construct are oppositely orimted and that the RRS 
in the receptor construct are oppositely orirated. In these embodimrats, site-specific 
replacement of the receptor construct by the donor construct results in a replacement 
construct containing RRS pairs that are directly oriented. Thus, one member of the one 
or more pairs of the directly oriented.reversible recombination sites in the replacement 
construct is derived from Ihe recq)tor consfruct and the other member of the one or 
more pairs is derived from the donor polynucleotide. Contacting the replacement 
construct with a reversible recombinase results in Uie excision of the polynucleotide 
sequences between the directly oriented RRS. Exemplary constructs containing RRS 
are shown in Figures 7-13. 

[0059] In one embodiment of the present invention, polynucleotide sequences 
in the replacement construct that are unnecessary in the desired final constmct are 
deleted using the above-described methods. (See Figures 7-13 for various examples). 
More particularly, as in Figure 10, tiie donor construct includes a selectable marker, a 
promoter operably linked to a gene of interest flanlced by two RRS, and this entire 
segment is flanked by two IRS. The two RRS in the donor construct are oppositely 
oriented. The receptor construct mcludes a receptor polynucleotide comprising an 
integrase coding region, a promoter, and a selectable marker, wherein the receptor 
polynucleotide is flanked by two CIRS, and a promote, wherem the receptor 
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polynucleotide £ind the promoter are flanked by two RRS. The two RRS in the 
receptor construct are oppositely oriented and each RRS in the receptor construct is 
recombinogenic to a /RRS in the donor construct. OPor an example, see Figure .9). id 
another embodiment, the IRS are inverted with respect to each other and the CORS ayp^ 
iiiverted wilh respect to each other. :(See^5^ 
[0060] - In^addition^p the :above;desc^ 

methods for sequential "stacking" of multiple polynucleotides of interest at a specific 
chromosomal locus. The stacking is accomplished without having to incorporate 
onneeded DNA in the final product. A schematic diagram of :two embodiments of this ' 
method is shown in Figures 8 and 9. In the stacking methods of the present>invention^ 
the leceptof CQiistruct is the saine as that described earlier (shown in Figure 7A). The 
donor construct (Rgure 8A) used in these methods includes a gene of interest and r 
single CIRS (e,g., attB of the <|)C31 systeiri); these components are flanked by a pair of 
inverted RRS (e.g., lox sites). Also present in the donor construct is a selectable marker/ 
coding region, but no promoter for the selectable marker. Preferably, this markerds 
different from that used on the receptor c(Mistruct. Upstream of the selectable tnarker 
coding region is a second CIRS (e.g., ottB of the (|>C31 system), 
[0061] Ilie receptor construct is integrated into the chromosonie of the host ce 
using conventional methods, as described above. Again, if desired, flanking inverted 
recombination sites can be used to facilitate the construction of single copy transgenes . 
by the resolution of complex integration patterns as described in, for example, U.S. 
Patent No. 6, 1 14^600. Altraiatively, single copy transgenic recipients can be obtained 
through molecular screening metiiods. 

[0062] The donor construct is then introduced into the cells that have the 
receptor construct integrated into their chromosome. Upon contact with the 
ineveisible recombinase (e.g., (|)C31), recombination between an ottB site of the donor 
constract and the attP site on tiie receptor construct occurs. (Figures 8A-B). Since 
there are two attB sites present in the donor constract, either site can recombine with 
the genomic attP site. If the attB site downstream of the polynucleotide of interest 
recombines with attP, then the resulting integration event will not activate expression 
of the selectable maricer sell (not shown). On tiie other hand, if the attB site upstream 
of the selectable mariser coding region recombines with a«P, then the promote that is 
present adjacent to the attP site in the receptor construct will become operably linked 
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to the selectable marker coding region (Figure 8B). This allows one to select for this 
latter class of integration events. The resulting structure has the polynucleotide of 
interest and associated attB site between two DNA fragments that are not needed for 
function of the trait gene. These extraneous fragments can thus be removed by. 
recombinase-mediated deletion of the DNA bracketed by directly oriented RRS (e.g. 
•te) sites pgure 8B-C). - • 

[0063] After removal of the extraneous fragments, the host cell retains only the 
desired polynucleotide and a ORS (e.g., attB), flanked by an oppositely oriented pair 
of RRS {eig., lox). The cftB site can thus be used as a target for a second round of 
recombinatibn with a second donor construct that contains a second gene of interest 
(Figure 8G-E). Because both selectable markers^ have been excised from the 
chromosoine, either one of the same two markers can be used for Ms isecond 
recombination. The integration and excision reactions are repeated as desired using ithe 
second, third, and subsequent integrating constructs. (Figures 8D-J). This Results in 
the series of polynucleotides adjacent to each other. Gene stacking can also be 
accoiiq)lished using irreversible recombination sites that ares in an inverted orientation. 
An example of this strategy is diagrammed in Figures 9A-J). 

[0064] Typically, the receptor and donor constructs and' other constructs to be 
introduced into the eufcaryotic cells are prepared using recombinant expression 
techniques. Recombinant expression, techniques . involve the construction of 
recombinant nucleic acids and the expression of genes in transfected cells. Molecular 
cloning techniques to achieve these ends are known in the art. A wide varieQf,of 
cloning and in vitro amplification methods suitable for the construction of recombinant 
nucleic acids are well-known to persons of skill. Examples of these techniques and 
instructions sufficient to direct persons of skill through many cloning exercises are 
found in Berger and Kimmel, Guide to Molecular Cloning Techniques, Methods in 
Enzymology, Volume 152, Academic Press, Ihc.,.San Diego, CA (Berger); and Current 
Protocols in Molecular Biology, F.M. Ausubel et al, eds., Current Protocols, a joml 
venture between Greene Publishing Associates, Inc. and John Wiley & Sons, Inc., 
(1998 Supplement) (Ausubel). 

[0065] The construction of polynucleotide constructs generally requires the use 
of vectors able to replicate in bacteria. A plethora of kits are commercially available for 
the purification of plasmids from bacteria. For their proper use, follow the 
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manufacturer's instructions {see, for example, EasyPrepI, HexiPrepJ, both from 
Pharmacia Biotech; StrataCleanJ, from Stratagene; and, QIAexpress Expression 
System, Qiagen). The isolated and purified plasmids can flien be farther manipulated 
to produce other plasmids, used to transf ect cells or incorporated into Agro^ftac^eriiiwi 
tumefaciens to infect and transform plants. Where Agrobacterium is the means of 
transf oimation, shuttle ve^^ ClQningin,iSrrg7to7?ryce^ qx Bacillus is, 

also possible. 

[0066] As described above, selectable markers are often incorporated into the 
polynucleotide constructs and/or into the vectors that are used to introduce the 
constructs into the eukaryotic cells. These niadcers pennit the selection of colonies of 
cells containing the polynucleotide of interest Often, the vector donor construct will 
have one selectable marker that is functional in, e.g., E, colU or other cells in which the 
vector is replicated prior to being introduced into the target cell. A second selectable 
marker can also be included in the integrating construct; however, if removal of the 
selectable marko: is desired the marker is placed outside the pair of recombination, siteis: 
that flank the polynucleotide of inter^t 

[0067] Examples of selectable markers for E. coli include: genes specifying 
resistance to antibiotics, f.e., ampidllin, tetracycline, kanamycin, oTthroinycin, qr 
genes conferring other types of selectable enzymatic activities such as P-galactosidase, 
or the lactose operon. Suitable selectable markers for use in maroinalian cells include, 
for example, tiie dihydrofolate reductase gene (DHER), the thymidine kinase gene 
(TK), or prokaryotic genes conferring drug resistance, gpt (xanthine-guanine 
phosphoribosyltransferase, which can be selected for with mycophenolic acid; neo 
(neomycin phosphotransferase), which can be selected for with G418, hygromycin, or 
puromycin; and DHFR (dihydrofolate reductase), which can be selected for with 
methotrexate (MuUigan & Berg, 1981 Proc. Nat'l. Acad. Sci. USA, 78: 2072; Southern 
& Berg, 1982 J. Mol. Appl. Genet, 1:327). 

[0068] Selection markers for plant cells often confer resistance to a biocide or 
an antibiotic, such as, for example, kanamycin, G 418, bleomycin, hygromycin, or 
chloramphenicol, or herbicide resistance, such as resistance to chlorsulfuron or Basta. 
Examples of suitable coding sequences for selectable markers are: the neo gene which 
codes for the enzyme neomycm phosphotransferase which confers resistance to the 
antibiotic kanamycin (Beck et al., 1982 Gene, 19:327); flie hpt gene, which codes for 
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the enzyme hygromycin phosphotransferase and confers resistance to the antibiotic 
hygromycin (Gritz andDavies, 1983 Gene, 25:179); and the bar gene CEP 242236) that 
codes for phosphinothricin acetyl transferase which confers resistance to the herbicidal 
conapounds phosphinothricia and bialaphos. 

[0069] If more than one gene of interest is to be introduced into a eukaryotic 
cell, it is generally desirable to use a different selectable marker on each exogenous 
nucleic acid This allows one to simultaneously select for cells that contain both of the 
desired exogenous nucleic acids. 

[0070] The above-described compositions and methods can be used to stably 
integrate a polynucleotide into any eukaryotic cell. Non-limiting examples of the 
eukaryotic cells of the present invention include cells from animals, plants, fungi, 
bacteria and other microorganisms. In one embodiment, the eulcaryotic cell is a 
mammalian cell. Examples of site-specific replacement methods;that can be used in a 
mammaUjm cell are found in Figures 4 and 5. In another embodiment, the eukaryotic 
cell is a plant ceU. An example of a site-specific replacement method that can be .used 
in a plant cell is found in Figures 6. In some embodiments, the cells are part of a 
multicellular organism, e.g., a transgenic plant or animal. The methods of the invention 
are pardcularly useful in situations where transgenic materials are difficult to obtain, 
such as with transgenic wheat, com, and animals. In ttiese situations, finding the rare 
single copy insertion requires the .prior attainment of a large number of independently 
derived transgenic clones, which itself requires great expenditure of effort. Among the 
plant targets of particular interest are monocots, mcluding, for example, rice, com, 
wheat, rye, barley, bananas, palms, lilies, orchids, and sedges. Dicots ate also suitable 
targets, including, for example, tobacco, apples, potatoes, beets, carrots, willows, ehns, 
maples, roses, buttercups, petunias, phloxes, violets and sunflowers. 

[0071] Accordingly, the present invention additionally includes methods of 
producing a transgenic plant, including the steps of: 1) providing a receptor plant 
comprising a chromosomal receptor polynucleotide flanlced by two IRS; 2) providing a 
donor plant comprising a chromosomal donor polynucleotide flanked by two CIRS; 
and 3) crossing the donor plant the receptor plant to produce a transgenic plant, 
wherein eithra: the donor plant or the receptor plant contains an irreversible 
recombinase polypeptide. The donor and receptor plants can. be of the same or 
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different genus or species. One embodiment of this aspect of the presrait invention is 
shown in Figure 12. 

[0072] The transgenic plant produced by this method expresses an irreversible 
recombinase polypeptide that catalyzes recombination between the IRS and the CIRS 
and replacement of the receptor polynucleotide with the don^^^ 

f ornring a chromosomal replacement construct in the transgenic plant. In a preferred, 
embodiment, the receptor plant is a single copy receptor line. In further embodiments, 
; the prcj^y of ;the transgenic plant that :do not express the irre^^ersible recombinase 
polypeptide are selected. In other preferred dnbodiments, the chromosomal 
replacement construct comprises a pronaotef operably linked to the donor 
polynucleotide, and more preferably, the ptpnaoter is derived from the receptor 
construct. The present invention aLw aicliides crossing the aboveniescribed transgenic . 
plant mth a plant coinprismg a nucleac add enco(fing a reversible recombinase wha^m 
the chromosranal rq?iacement coiistruct further cosaprises cme ca: more pairs-of ^directly 
oriented reversible recorribination sites (RRS) that are compatible with the reversible 
recombinase. (See Figures 12B, and C). 
[0073] The polynucleotide constructs that include recombination sites and/Or 
recombinase-encoding genes can be introduced into the target cells and/or organising 
by any of the several BQe?ms known to tiiose of skill in the art For instance, the DNA,, 
constructs can be mtroduced into plant cells, either.in culture or,in,the organs of a plant 
by a variety of conventional techniques. For racample, the DNA constructs can be 
introduced directly to plant cells using biolistic methods, such as DNA -particle 
bombaidment, or the DNA construct can be introduced using techniques such as 
electroporation and microinjection of plant cell protoplasts. Particle-mediated 
transformation techniques (also known as "biolistics") are described in Klein et al, 
1987 Nature, 327:70-73; Vasil, V. et al, 1993 Bio/Technol., 11:1553-1558; and 
Becker, D. et al., 1994 Plant J.. 5:299-307. These methods involve penetration of cells 
by small particles with the nucleic acid either within the naatrix of smaU beads or 
particles, or on the surface. The bioUstic PDS-1000 Gene Gun (Biorad, Hercules, CA) 
uses helium pressure to accelaate DNA-coated gold or tungsten microcarriers toward 
target cells. The process is ^licable to a wide range of tissues and cells from 
organisms, including plants, bacteria, fungi, algae, intact animal tissues, tissue culture 
cells, and animal onbryos. One can employ electronic pulse delivery, which is 
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essentially a mild electroporatioti format for live tissues in animals and patients. Zhao, 
1995 Advanced Drug Delivery Reviews, 17:257-262. 

[0074] Other transfprmation methods are also known to those of skill in the art. 
Microinjection techniques are known in the art and well described in the scientific and 
patent literature. The introduction of DNA constructs using polyethylene glycol (PEG) 
precipitation is described in J*as2towski e/^ a^^^^ EMBO J, 3:2717 (1984), 
Electroporation. technigues are described in Fromm ah, ProcNatl Acad. Sci. USA^ 
82:5824 (1985). PEGrmediated transformation a^^ of plant protoplasts 

are also discussed in Lazzeri, P., Methods Mol Biol 49:95-106 (1995). Methods ^ 
known for introduction and expression of heterologous genes in both monocot and 
dicot plants. See, US Patent Nos. 5.633.446, 5,317,096, 5,689,052, 5,159,135, and 
5,679,558; Weising et al., 1988 Ann. Rev. Genet., 22:421477. Transformatipn of 
monocqts in particular can be achieved using various tochniques including 
electroporation (e.g., Shimamoto et al.. Nature (1992), 338:274-276; biolistics (e.g,, 
European Patent Application 270,356); and Agrbbacterium (a.g., Bytebier etal.;Proc; 
JVflr7Aca£f. .Sci. KSA (1987) 84:5345-5349). 
[0075] For transformation of plants, DNA constructs may be combined with 
suitable T-DNA flanking regions and introduced into a conventional Agrobacteriurh 
tumefaciens host vector. The vunilence functions of the A. tunufaciens host will direct 
- the insertion of a transgene and adjacent marker gene(s) (if present) into the plant .cell 
DNA when the cell is infected by the bacteria. Agrobacterium tumefacieTLs-meditztod 
transformation techniques are well described in the scientific literature. See, for 
example, Horsch et al.. Science, 233:496-498 (1984), Fraley et al, Proc. Natl Acad. 
Sci. USA, 80:4803 (1983), and Hooykaas, Plafit Mol Biol, 13:327-336 (1989), 
Bechtold et al, , Comptes Rendus De L Academie Des Sciences Serie lii-Sciences De La 
Vie-Life Sciences, 316:1194-1199 (1993), Valvekens et al, Proc. Natl Acad. Set USA, 
85:5536-5540 (1988). For a review of gene transfer methods for plant and cell cultures, 
see, Fisk et al., Scientia Horticulturae 55:5-36 (1993) and Potrykus, CIBA Found. 
Symp. 154:198 (1990). 

[0076] Other methods for .delivery of polynucleotide sequences into cells 
include, for example, liposome-based gene delivery (Debs and Zhu (1993) WO 
93/24640; Mannino and Gould-Fogerite (1988) BioTechniques 6(7): 682-691; Rose 
U.S. Pat No. 5,279,833; Brigham (1991) WO 91/06309; and Feigner et al., (1987) 
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Proc. Natl. Acad Sci. USA 84: 7413-7414), as wdl :as use of viral vectors such as 
papillomayiral, retroviral and .adeno-assodated viral vectors (e,g., 3ems et al, (1995) 
Ann. NY Acad. Sci. 772: 95^104; Metal.. (1994) Gene Ther. 1: 367-384; andHaddada 
et al, (1995) Curr Top. Microbiol Immunol. 199 ( Pt 3): 297-306 for -revievi^; 
Buchscher et dl.. {1991)1 Virdl. 66(5) 2731-2739; Ibhann et al. (1992) X Virdl.m 
^(5): 1635-1640 (1992); Soininerfe^ Wrol 176:58-59; Wilson ef ,ja|/ . 

(1989) J. ViroZ. 63:2374-2378; MUer ■eraZ., J. Virol 65:2220.2224 (1991); Wong- 
Staal ef d., PCT/US9€057P0, md Rosenburg and Fauci (1993) in Fundamental,^ 
Immunology, TkiidEdm6n mA .(edy^ea New York and the references 

thereiiy Yu cr aZ., Gene 2Tter<9jy (1994) «<pr^L); West e< flZ;, (1987) Virology 160:38- 
47; Carter cfaZ., (1989)US/Patentm 4,797,368; Carter et al., WO 93/24641 (1993); 
Kotin (1994) ffiOTion Gene 7%er<^py 5:793-801; Muzyczka (1994) J. CUn. .IrfV5t, 
94:1351 and Samulski (siipra) for an overview of AAV vectors; Lebkowski, U.S. Pat., 
No. 5,173,414; tratschin ef aZ., (1985) Mot CeZZ. Biol. 5(ll):3251-3260; liatschin ef; . 
flZ., (1984) Mol Cell Biol, 4:2072-2081; Hermonat and Muzyczka (1984) Proc iVa^Z.' ' 
Acad Sci. USA, 81:64^-6470; McLaughlin et al.. (1988) and Samulski ei dL, (1989) 
/.ViroZ., 63:03822-3828). 

[0077] Methods by which one can analyze the integration pattern of the 
introduced donor polynucleotide are well known to those Of skill in the art.- Par, 
example, one can extract DNA from the transfomed cells, digest the DNA with one or 
more restriction enzymes, and hybridize to a labeled fragment oif the polynucleotide 
construct. The inserted sequence can also be identified using the polymerase-chain. - 
reaction (POR). (See, e.g., Sambrook et al.. Molecular Cloning - A Laboratory Manual, 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989 for descriptions 
of these and other suitable methods). 

[0078] Transformed plant cells, derived by any of the above transformation 
techniques, can be cultured to regenerate a whole plant that possesses the transformed 
genotype and thus the desired phenotype. Such regeneration techniques rely on 
manipulation of certain phytohormones m a tissue culture growth medium, typically 
relying on a biocide and/or herbicide marker that has been introduced together with the 
desked-nucleotide sequences. Plant regeneration from cultured protoplasts is described 
in Evans et dL, Protoplasts Isolation and Culture, Handbook of Plant Cell Culture, pp. 
124-176, Maanillian Publishing Company, New Yoric (1983); and in Binding, 
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Regeneration of Plants, Plant Protoplasts, pp. 21-73, CRC Press. Boca Raton, (1985), 
Regeneration can also be obtained from plant callus, explants, somatic embryo?^ 
(Dandekar et al., 1 Tissue Cult. Meth, 12:145 (1989); McGranahan et al. Plant Cell 
Rep., 8:512 (1990)), organs, or parts thereof. Such regeneratipn techniques 
' described generaUy in Kieeetfl^^ 
. . I^ie^niefliods ^are also useful for transgenic and chimenp^ 

- animals .of most.;Yer^^ Such species inchide, but are not limited to; 

nonhiiirian mammalsy including rodents such as mice and rats, rabbits, ovines such as 
sheep . and goats, pMcines such as pigs, and bovines such as cattle and buffalo, 
Methods of obtaining transgenic animals are described in, for example, Puhler, A., Ed„ 
Genetic Engineering of Animals? YCR PubL, 1993; Murphy and Carter, Eds,, ' 
' Transgenesis Techmques : Principles and Protocols (Methods in Molecular Biology, 
Vol. 18), 1993; and Pinkert, CA, Ed., transgenic Aninud Technology : A Laboratpr^ 
Handbook, Academic Press, 1994. Transgenic fish having specific genetic 
modifications can also be made using the claimed methods. See, e,g.; Iyengar ^t aL; 
(1996) Transgenic Res, 5: 147-166 for general methods of making transgenic fish- 
[0080] One method of obtaining a transgenic or chimeric animal having 
spechSc modifications in its genome is to contact fertilized oocytes with a vector that 
includes the polynucleotide of interest flanked by recombination sites. For some 
animals such as mice, fertilization is performed in vivo and fertilized ova are siffjgically 
removed. In ottier animals, particularly bovines, it is preferably to remove ova fix>in 
live or slaughterhouse animals and fertilize the ova in vitro. See DGBo&r et dl., .WO 
91/08216. In vitro fertilization permits the modifications to be introduced into 
substantially synchronous cells. FertiUzed oocytes are then cultured in vitro until a pre- 
implantation embryo is obtained containing about 16-150 cells. The 16-32 cell stage of 
an embryo is described as a morula. Pre-implantation embryos containing more than 32 
cells are termed blastocysts. These embryos show the development of a blastocoel 
cavity, typically at the 64 cell stage. If desired, the presence of a desired exogenous 
polynucleotide in the embryo cells can be detected by methods known to those of skill 
in the art. Methods for culturing fertilized oocytes to the pre-implantation stage are 
described by Gordon et aU (1984) Methods Enzytnol 101: 414; Hogan et al, 
Manipulation of the Mouse Embryo: A Laboratory Manual, C.S.H,L. N.Y. (1986) 
(mouse embryo); Hammer et al., (1985) Nature 315: 680 (rabbit and porcine embryos); 

28 



wo 02/08409 



PCTAJSOl/23049 



Gandplfi et aL, (1987) J. R^rod Pert, 81: 23-28; Rexroad et aL, (i988) 7. Anim. Sci 
66: 947-953 (ovine embryos) and Eyestone et ed,, (1989) J. Reprod. Pert. 85: 715-720; 
Camous et al, (1984) J, Reprod, Pert, 72: 779-785; and Heymaii et dl, (1987) 
Tkeriogenology 21: 5968 (bovine embryos); Sometimes pre-implan^ are 
stored frozen for a period pending itaplantation. Pre-implaritation embryos are 
.trmsfen:ed-tp an ^appropriate female resulting in ;fhe birth pf a transg^^ or chimqiQ ^ 
animal depending upon the stage of development when the transgene is integrated. 
Chimeric mammals can be bred to form true germline transgenic animals. 
[0081] Alternatively, the methods can be used to obtain embryonic stem cells 
(ES) that have a single copy of the desired donor polynucleotide. These cells are 
obtained from pre-implantation embryos cultured in vitro. See, Hooper, ML,^ 
Embryonal Stem Cells : Introducing Planned Changes into the Animal Germline 
(Modem Genetics, v. 1), Ml. Pub. Distrib., Inc., 1993; Bradley et al., (1984) Nature , 
309, 255-258. Transformed ES cells are combined with blastocysts from a non-human 
animal. The ES cells colonize llie embryo, and in soine embiyos, form the germ line of 
the resulting chimeric animal. See Jaenisch, Science j 240: 1468-1474 (1988). 
Alternatively, ES cells or somatic cells that can .reconstitute an organisiri ("somatic 
repopiilating cells*') can be used as a source of nuclei for trmsplantation into an 
enucleated fertilized oocyte giving rise to a transgenic mammal. See, e.g., Wjhmtet 
oZ., (1997) iVflft^re 385: 810-813. 

[0082] As described gdaeially described above, flie invention provides several 
strategies by which to achieve desired site-specific recombination. These strategies 
include, for example, methods for obtaining replacement .of a chromosomal 
polynucleotide with a second polynucleotide. In some embodiments, the 
polynucleotide of interest is introduced into the cellular genome in the absence of 
undesiied DNA, such as a selectable marker. Other embodiments provide methods by 
which undesired DNA such as selectable markers are deleted from the cellular genome 
after their use to facilitate selection of cells that include the desired polynucleotide of 
interest These specific strategies are described further in the Examples below. 

[0083] Throughout this application, various publications are referenced. The 
disclosures of all of these publications and those references cited within those 
publications in their entireties are hereby incorporated by reference into this application 
in order to more fully describe the state of the art to which this invration pertains. It 
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should also be understood that the foregoing relates to preferred embodinaents of the 
-present invraition and that numerous changes may be made therein without departing 
from the iscc^ie of tiie invention. The invention is further illustrated by the following 

• ,'exampl«?s, which are not to be construed in any way as imposing ly 
scope ;tiieEeOf. .On the contiary/ it is to be clearly undeaBtood that resort may be =^h^^^ 
various 'Other •ianbodiments, npiodificatioiis, ,and-^egiiivalents , thereof, . which, after 
reading flie despiiption hsBiij, may suggest themselves to those skilled in the art 
witfiout departiiig from the spirit of tfie present invention and/or the scope of the 

' appended claims. ^ 

EXAMPLES 
Example 1 

Gene replacement using linear or circular targeting constructs 
[0084] This Example demonstrates that the ^freptewirycfis biacteriophage 

<|>C31 site-specific lecombmation system functions in a gene replacenDient strategy in 
enkaryotic cells. The strategy makes use of a site-specific integration systenii such ^ 
the system derived from bacteriophage <t)C31. Insertion of the circular phage. DNA 
chromosome into the bacterial genome requires a single polypeptide <t>G31 protein, the 
integrase, encoded by int, that recombines the b acterial aid phage attachment sites ottB 
and attP, respectively, to form new hybrid sequences known as aUL and attR. The attB 
and attP sites share only 16 base pair iriatches within a 53 bp stretch centered at the 
pomt of crossover. Here, the designations BB', PP', BP' and T?B\ will be used 
interchangeably for attB, attP, ottL and attR, respectively. Inveise orientations of attB, 
attP, OttL and attR are designated as B'B, PT, P'B and BT, respectively. 

Materials and Methods 
Recombinant DNA 

[0085] Standard methods were used throughout. E, coli strain XL2-Blue 

(recAl endAl gyrA96 thi-l hsdR17 supE44 relAl lac \F proAB lacB ZMdlSTrdO 
Cret^) Amy Cam^, Strategene) served as host for DNA constructs. 
Media 
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[0086] Fission yeast strains were grown on minimal medium (EMM-low 

glucose, from BiolOl) supplemented as needed with 225 mg/1 adenine, histidine, 
leucine or uracil. Minimal plates with 5--F0A (5-floroorotic acid, from Zymo. Research, 
>Inc,) were prepared:according to Gtinm ((1988) Mol. Gen. Genet. 215: 81-86) 
and were suppleraented with adenine, histidine, and leucine. When used, thiamine was 

S. pombe with'^two AC31 attP targets 

[0087] The 84 l?p (jCSl attP site (abbreviated as HP'), isolated as an ApoE- 

Sacl fragment from pHS282 (Thorpe & Smith (1998) Proc, Nat'L Acad. Sci. USA 
95:5505-5510) was cloned mtq the same sites of the S. pombe integrating vector 
p]K148 (Keeney & Boeke (1994) Genetics 136:849-856) to malce pLT44. This 
plasmid was targeted to the S pombe leul-32 allele by lithiirax acetate mediated 
transformation with Ndel cut DNA. The recipient host FY527 (h- ade6-M216 his3.Dl 
leul-32 ura4rD18), converted to lLeu+ by homologous xecombination with pLT44, was 
examined by Southern analysis. One Leu+ transf ormant, designated ]PY527attP (Figure 
3A), was found to contain a smgle copy of pLT44. Another transformaiit, designated 
FY527attPx2 (Figure 3B), harbors a tandem insertion of pLT44, arid therefore contains 
two attP sites. 

Integrative ura4+ vector containing two 6C31 attB sites 
[0088] The S: pombe urq4^ geuQ, 

a 1.8 kb EcoRL'BamM fragment, was inserted into pJK148 cut with the same enzymes 
to create pLT40. The <t>C31 ottJ? site (abbreviated as BB'), isolated from pHS21 as a 
500 bp BamHl'Xbal fragment, was ligated into pLT40 cut with those enzymes, 
creating pLT42. Most of the leul gene was removed from pLT42 by deleting a Xhol 
fragment to create pLT45. This left 229 bp of leul in pLT45 and reduced its 
transformation efficiency to that of a plasmid without any leul homology, pLT50, 
which has a second attB site in the same orientation immediately on the other side of 
ura4, was constracted by first subcloning the attB BamHl'Sacl fragment from pLT42 
into pUC19, excising it with EcoKL and SaM, and subsequently inserting it into pLT45 
cut with EcoRl and Xhol. The second attB site in the final construct was sequenced 
once on each strand and found to be identical to the first attB site. 
Linear DNA transformation 
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[0089] The attB-ura4^-auB linear DNA was prepared as an AttR'-AlwNL 

fragment purified from pLT50, or as a PGR product using pLT50 as tenaplate. PGR 
was conducted using standard conditions with a T3 primer and a second primer (5 Vggc 
cctgaaattgttgcttctgccS^S^ 1) con:espondingvto1he|)las2m 

p]K148. 

^T^e pressible^synthesis of <|)CM i , 

[0090] ■ The S, pdmbe Bmiit promoter, repressible by Vitamin BI, was 

excised as a 1 2 kb PMrSacI firapnmt ftom pM0147 and ioeerted iiito the ftwJ+, drst 
vector pC32 XOhi et dl., (1996) Geiie 174: 315-318) cut with the/sanae enzymes^ 
creating pLT41. A 2.0 kb iSocI fragment containing the <|)G3l mf coding region was 
transferred fromjpHS33 (Tliorpe & Smith (1998) supra.) to tiie Sad site of pLTj41. A 
clone in which 'the int coding region was oriented such that expression is under the 
control of Pmnt was designated pLT43. 
Molecular analyses 

[0091] Southern analysis was performed using the Genius system from 

Boehringer Mannheim. A 998 bp internal EcoRV fragment of iewi, a 1.8 kb fragment 
of ura4, and the 2.0 kb (|)C31 int gene were digoxigen-labeled by the random primer 
method and used as probes. Polymerase chain reaction was performed on a Peridn 
. Ehner Cetus Gene Amp PGR 9600 using Stratagene Turbo PFU enzyme or VENT 
polymerase. The standard T3 and T7 primers were used where possible. The ura4 
primer (5' gtc aaa aag ttt cgt caa tat cac 3' (SEQ ID NO: 2)) and tiie pJK148 primers 
were purchased from Opeiron Technologies. For all PGR reactions an annealing 
temperature of 51°C and a 30-second extension time were used. 

Results and Discussion 

Gene replacement via linear DNA 

[0092] This experiment demonstrates that the ^C31 site-specific 

recombination system is an efficient means to deliver linear cDNAs into a target cell. 
To prepare cDNA substrates, the linear molecules would be linked by ligation or PGR 
synthesis attachment sites on botii ends, followed by recombination with a tandem pair 
of chiomosomally situated target sites, and replacement of the target DNA with the 
inserting cDNA. To test whether such a gene replacement reaction is efficient, an 
FY527 derivative bearing a tandem insertion of pLT44 was isolated. This strain, 
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designated FY527attPx2, has twp auP sites in direct orientation at the leul locus, 
separated by a leul gene and vector sequences (Figure 2B). FY527attPx2 was 
transformed with linear DNA containing uTa4^ flanked by auB sites. The linear 
substrate was obtained either as a gel-purified firagment from pLT50 (Figure 2A) or as 
a PGR product from amplification of this plasmid;The plasmid pLT50, derived fronci:., . 
«pLT45/has a second-direct^ site on the other side of the Km^*^ gene. ' . 

Both linear substrates gave approximately the same transformation efficiency when co- ' 
transformed with pLT43, which stimulated the number of Ura+ txansformants (Table 
1). some experiments, the frequency was as high as that of the replicating plasmid 
control. 

[0093] The intended gene replacement event, with recombination 

occurring between two 5' sites and two 3' sites, is diagranamed in Figure 2B. Althougji 
the two crossovers may happen sequentially rather than concurrently, the end product 
is the same (Figure 2C, class 1). When the XbcH restriction pattern of eight 
representative Ura"*" His" clones was examined, seven showed patterns that fell into, 
three classes. Three of them had the class 1 pattern, in which Hb&leul probe hybridized 
to bands of 3 kb and 20 H), and tiie ura4 probe hybridized to a 20 kb band (Figure 2C): 
The second and third classes represent events that appear to result from prior 
drcularization of the linear fragment before, site-specific insertion into an attP target. 
Figure 2D depicts the circularization. reaction that would result from recombination , 
between the duplicated attB sites. Integration of the circle into the 5' attP site increases 
the size of the 5.5 kb plasmid band to 7.4 kb; this band would hybridize with both the 
ura4 ,and leul probes (Figure 2E, class 2). This pattem was found in one transformant. 
Integration into the 3' attP site increased the 18 kb band to 20 kb, and allowed its 
detection by both probes (Figure 2F, class 3). This pattem was found in three 
transformants. The remaining clone had two copies of ura4 and an additional copy of 
leul, suggesting gene amplification at the leul locus. It was not analyzed further. 

Table 1 

Integrase-dependent gene replacement in 5. pombe FY527attPx2 

DNA Selection Transformants Relative Class 1 Class 2 Class 3 Other 
(1 (xg) per lO'' cells Value^ 

(±sd)* 
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pLT43 


Ha* 


41Q6>(±331) 


100 










.linear 

fragnient 

Lmeiir 

fra^oieat and 
pLT43' 


-Ura* 
Ura* 


19 (±27) : 
1568 tfc495) . 


0,46 
38 


■ 38%^ 


.12%^ 


-/ ■ ■ 
38% 


12% 


pLTSO 


Ura* 


63 (+52) 


1.5 










pLTSOand 
pLT43 


Ura* 


2560(4^19) 


62 


38%^ 




25%^ 


25%^ 


pLT45 


Ura* 


66 (±46) 


1:6 










pLT45 and , 
pLT43 


Ura* 


683 (±298) 


17 











* Itoina 3 independent experimdats 
^ (transformation. effidency of the DNA of mterest)/(tra^ 
ofpLT43)xl00 



neiie replace iniftiit via giroular DNA ' 
[00941 "Rie . 2 . and, 3 steuo^^ 

transformation suggest a drcolar intermediate. Yet the linear fragment does not have 
complementary single-stranded ends that could readily anneal The molecular structure 
is consistent with either intramolecular recombination between the ottB sites, or some 
sort of ligation between the two ends. Perhaps the high rate of dicularizatioo was 
promoted by linear DNA ends. linear ends may be more profidait at strand invasion 
or end joining, since double-strand breaks stimulate recombination in yeast (Szostak et 
at, (1983) Cell 33: 25-35). If this were tiue, class 2 and 3 integrants would be 
minimized by the use of circular DNA. 

[0095] The transformation of FY527attPx2 was tested witii pLT50 plasmid 

DNA (see Table 1). The integration structures of eight representative Ura"*" His" clones 
firom this transformation were analyzed. Six of the eight clones fell into tiie same three 
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classes: three are in class 1, one in class 2, and two in class 3. The prevalence of class 2 
. and 3 integrants demonstrates that recombination between the duplicated cOtiB sites 
does not require a linear substrate. It remains to be determined whether this event was 
vpromoted by S. yom&e or by &e (|)C31 integras One possibility is -that the integrase 
mteracts with fl«B even without the presence 'of fl«P. The <ltC31 integrase is a member 
■ of the invertase-resolvase class of enzymes that catalyzes recombination by . making . 
. . double-strand breaks in each DNA substrate. If this occurs at the attB site, double 
stranded breaks may then lecruit the grai«aiized homologous recombination system. 
However,, such recombination was not detected in in vitro studies with purified 
con5)onents (Thorpe, a M. & Smith, M. C. M. (1998) Proc. ^ 
5505-5510). Alternatively, the raidogenous S. pombe recombination genes could 
promote this plasmid rearrangement Reducing the homology betweai flie direct 
repeats on the plasmid to a minimnm, 34 bp for attB and 39 bp for ottP (Groth et aL. 
(2000) Proc. Natl. Acad. Sci. USA 97: 5995-6000), may reduce the frequency of this 
unwanted side reaction. 

[0096] In addition to these three classes ,of integration structures, there 

exists the possibility of integration patterns resulting ftom mcomplete recombination of 
attB X attP sites. This could occur if the amount of integrase jw^tem is limiting, as it 
could be if pLT43 were lost from the cell. If the IBs* phenotype is not selected for, 
ffis' colonies are readily found. Four possible structures could .arise from a single 
recombination event between the four sites: 5'attB x 5'affP, 3' attB x S'attB, 3'ata x 
5'attP and 5' attB x yattP. If followed by a second attB x attP reaction, tiie 5' attB x 
5'attP and the 3' attB x 3'attB integrants would be converted to the class 1 structure, 
and the-3'aff5 x 5'aUP and 5' attB x 3'attP integrants would not be found, as the ura4* 
marker would be deleted. One of the eight isolates gave a pattern consistent with the 
incorporation of intact pLT50 through a 5' attB x 5'attP reaction. This class 4 structure 
is shown in Figure IG. The urd4 probe detected a single 2.3 kb band, and the leul 
probe detected bands of 3 kb, 5.6 kb and 18 kb. Cleavage with Ndel gave a 12 kb band 
that hybridized to both the leul and uw4 probes, consistent with physical linkage of 
the two markers. The remaining isolate had also incorporated the oatire plasmid but 
had gained additional bands hybridizing to both leul and ura4. This represents a more 
complex event, perhaps indicatmg gene amplification at the locus. 
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[0097] Integratipn into the FY527attPx2 stxain was also exambied using 

intact pLT45 (Figure 3A), which can insert into the chromosome at either the or 
the 3'dttP :site. The additional .attP target in the chromosome did not significantly 
change the transformation efgciency. When normalized to the number of His'^ 
transfonnants obtained with pLT43,/ the efficiency of <})C31 integrase mediated 
trksfbrmation of W527attE^2^i^ ^comparable with tlje ^tfmsfc^ 
with pLT45. . Thus duplicated sites in both the target aiid donor . molecule.s appear 
necessary for the increased "ixansforniafion i&equency observed with the gene 
replacement strategy. 

DeteprtiTiin p thft npti mal concentration of integrase DNA 

[0098] Ttensfdrinations of FY527attPx2 with pLTSO (Figure 3B) and 

FY527atlP with pLT45 QFigure 3 A) were performed usiiig a range (0, .0.1, 1, 5, 10 mg) 
of pLT43 DNA concentrations. Figure 3 shows that both sets of .transformations 
yielded a peak number of Ura* colonies with 5 mg of pLT43 DNA. The 
pLT50/FY527atiPx2 transfpnnation produced a 4 to 14 fold higher number of 
transformants compared to the pLT45/FY527attP transformation. This observation is 
consistent with the results discussed above. However, the higiher transformation 
frequency is offset by the lower frequency of precise events, 38% for pLT50 compared 
to88%forpLT45. 

Summary 

[0099] This Example demonstrates that dual-site recombination reactions 

are quite efficient. The firequency of precise gene replacement events is about 14% to 
24% of the transformation efficiency of a replicating plasmid vector (Table 1). Figure 
3C shows that at optimal integrase gene concentration, the transformation efficiency 
increases still further to a level approaching that of a replicating plasmid. The high 
transformation efficiency of replicating plasmids has made it possible to clone by 
functional selection in bacteria and yeasts. These results demonstrate that cloning by 
direct selection can also be achieved with the dual site (|)C31 recombination system. A 
library of linear cDNA molecules need not be passed through a cloning vector systenL 
Instead, it can be ligated with flanking att sites and introduced direcfly into a genomic 
att--att target in animal or plant cells. 
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[00100] Although a: competmg side reaction consisting of integration of- 

dicular molecules derived from the linear DNA was observed, these undesiied events 
can be mininiized by using.-the smallest ftinetional attachment .sites. Additionally, if the 
target site DNA between twp ottP isites encoded a marker for which a negativ^ 
sdection ejdsts, then only the fuU replac(^^ 

biserMgtheco^gregiprifprejqfresiion 

[001011 This examjile i]lu$trates a genarai strstegy to deliver a DNA 

fragmrait to a designated animal c|to5mosQniiB target by a gene replacement strategy 
that does iiot require the co-iiitrbduction of a selectable maflaa:. Because a replacemerit : 
strate^ results in the loss of a^ corrBsponding fragment of host DNA, the .loss of a 
counter-selectable marker can be the selection criteria for gene replacement Thi^ 
approach results in the precise integration of a trait gpne wiliiout incoiporatinig 
additional uimeeded DNA. 

[00102] This example also illustrates that this method is useful for testmg • 

the functional expression of a cDNA molecule through its direct placement behind a 
genomic promoter resident in the host cell. This bypasses the need for prior cloningcpf 
the cDNA into a vector for propagation in E. coli, such as bto, a plasmid or phagei 
vector. An investigator can choose a gene sequence from the database, mate the 
appropriate primers corresponding to that gene sequence, selectively reverse transciibe 
the chosen ruRNA sequence and amplify its cDNA to sufficient quantity for 
transformation. A cDNA produced from mRNA can be ligated to synthetic attP or 
attB sites and used directly for the gene replacement strategy. In this illustration, the 
ata synthetic oligomers are designed to flank the cDNA in the same orientation. 

Methods 

[00103] The target construct consists of a Pc-attP-tk-Ps-zeo-attP fragment 

(Figure 4). Abbreviations used: Pc, the human cytoniegalovirus promoter, tk, the 
thymidine kmase coding repon; Ps, the SV40 early promota; zeo, zeomycin resistance 
coding region. The attP site in this case is a recombination site belonging to the class 
of irreversible recombination systrans such as the (|>C31 system. The Ps-zeo fragmrait 
pemjits selection of the target construct in the host genome. The tk gene is a counter- 
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selectable marker. Under appropriate culture conditions, cells that have lost the 
functional ^ik:gene will thrive while those retaining the functional tfe gene will not. The 
use of alternative .selectable markers, counter-selectable maricers, and promoters are 
- possible. 

[00104]: Theintegratingconstnict consists 

cDNA, flanked b^ $et\Qf :.a«B :sites .pf 4ie sfflDDe. orient^ JEf the a«f 

upstream.oftjk recdrnbin^^^ end of the cDNA, and the 

af£B downstream of Zfio recoml^^ 

then the dual recombination events will rernove the tk gpne from the genome. This 
• ; gene replacement for %e Pc-affi?-cDNA linkage, resulting in expression of 

the cDNA. The othcar possible pairs of recombination will break the chromosome. 

^ Examples 

Gene Replacemmt in the Hufnm Genome 

[00105] This example illustrates a more specific strategy than in Example 2 

to deliver a DNA fragment to a designated mammalian chromosome target. Preferably, 
the mammalian chromosome target is a human chromosome target. This example 
shows that a cDNA molecule can be inserted site-specifically behind a genomic target 
promoter for expression in the sense or antisense orientation. As flie phenotypes 
conferred by expression of that cDNA may reveal clues to gene function, this cDNA 
integration strategy could be a tool for functional genomics analysis. 

Methods 

Recombinant DNA 

[00106] Standard cloning methods were used throughout. E. coli strain 

]M109' [F traD36 laclq D(lacZ)M25 proA-hB+/el4'(McrA') D(lac-proAB) thi 
gyrA96(Ncdr) endAl hsdR17(rk'7nt) relAl supE44\, used for DNA cloning, was 
grown in Luria Broth. 

Control hvt expression construct. 

[00107] An hpt fragment, the coding region of the hygromycin resistance 

gene, was retrieved by SaU cleavage from p35S-hpt (Albert et oZ., 1995 Plant J. 7:649- 
59) and subcloned into the SaR site of pBluescriptll The Notl-Kpnl fragment 
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from this plasmid, which contains the hpt gene, was subsequently subcloned into the 
Notl-Kpnl sit&s of the cDNA expression vector pcDNA3.1/zeo (Invitrogen, Gadsbad, 
CA). The resulting plasmid, pcDNA3.1-/ip^ expresses hpt from Pc. the humm 
cytomegalovirus promoter 
<|)C31 intefijase expression vector 
' [OOlOSg - pJHKl 0Kgui» :5A3aias a i^c-^ 

integrase coding region: The vector pcDNA3.1/zeo was cleaved with iV^zI and Bsml to 
remove the. fragment comprising most of the zeocin resistance coding region (1,800 bp 
to 2,767 bp). The remaining vector was recircularized by blunt-end ligation.. An 1,9 
kb Nhel'BamHl fragment contaming the ^C31 integrase gene was msCTted into the 
mel-BaniHL ^t& of the zeocm-sensitive pcDNA3.1 derivative to generate pJHKl. The 
Nhel proximal end of iht^l mtegrase fragmrat has a synthetic Kozak sequence (5'- 
GGGCCCGCCACGATGAGACAAGGGGTTGTGACCGQGGTGGACAG- 
GTACGCGGGTGCrrACGAGGGTGAGTGGGGCGAGGGGGAGAATrC-3'; SEQ 

ID NO: 3). 

Integration of the hot vector flanked bv oppositely oriented <bC31 gtf^ sites. 
[00109] pJHK2 (Figure 5C) contains a BBV/ipf-B'B fragment in. a 

pBluescriptn KS(+/-) (Stratagene, La Jolla, GA) backbone, where BB' and B'B are the 
<t>G31 a«fl sites in direct and indirect orientations, respectively. The hpt fragment was 
retrieved by SaR. cleavage from p35S-hpt (Albert et al, 1995 supra) and subcloned into 
the Sail site of pBluescriptU KS(40 to generate pBIuescript-/i/?f. A 53bp 2^;7rzI-BB - 
Xhol oUgo (5'.GCGGTGGGGGTGGGAGGGCGTGGGGTTGGGG- 

TGCCGGGGCGGGTAGTCCAGGT-3'; SEQ TD NO: 4) was inserted into the 
corresponding sites in pBluescript-Ap^ to generate pBluescript-BBVApt. The KpriL- 
BW'Xhal Unker was also subcloned mto pMEGA (Biotechniques, Vol. 24:6, 922-925, 
1998) before retrieving it out as a Spel-HindnL fragment for insertion into the 
corresponding sites in pBluescript-BB-Apr to produce pJHK2. 
Genomic target with tk flanlced bv inverted attP sites. 

[00110] pJHK3 (Figure 5A) contains a Pc-PP'-r*-PT fragment m a 

pcDNA3.1/zeo backbone, where tk is the human herpes simplex virus thymidine kinase 
coding region, and PP' and PT are the direct and inverse orientations of the ifCSl attP 
sites, respectively. Two 53 bp (|)C31 attP sites (5- 

AGTAGTGGGCGAAGTGGGGTAACGTTTGAGTTGTGTCAGTTGGGGGCGTAG 
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GG-3' SEQ ID NO: 5) were synthesized with appropriate flaBking restriction enzyme 
sites. An EcoKL-HindnL^T-AfiR oligo was inserted into the corresponding sites in 
pcDNA3.1/zeo to generate pcDNA3.1-PT. A 1.85kb XTiMm^ r/: fragment frona 
pIC19R/MCl-r^ ODr. Kirk Thomas, University of Utah) was appended to the 
■ cottesponding sites to generat^^ The /i: gene contains a 147 bp 

y .enhancer in its 5' end. An Nhel-PF'rXhol bligo was inserted into tlie cqrrespondiiig 
ates in pcDNA31-*-PT to form pJHK3. 

Target cell lines. ^ 
[00111] The pJHBG construct was traasfected into the human cell line 293T 

(Amedcan Type Culture Collection; Rockville, MD) using lipofectamine™ (Life 
Technologies, Gaithersburg, MD) according to the manufacturer's directions. Cells 
were grown in Dulbeccols Modified Eagle Medium (DMEM) containing 10% fetal calf 
serum. The pJHK3 construct has a single Xhol site upstream, and a single fliTuflll site 
downstreab of the tk gene. DNA from 32 stably transfected cell lines was cleaved 
with either Xhol or Hindm for Southrai hybridization with a * probe. Two cell lines 
showed a angle hybridization band in either Xftol or HmdHI cleaved DNA, suggesting 
a single copy of the integrated molecule. Hybridization to BjtEH cleaved DNA, which 
should cleave at tfie attP sites, revealed the expected 2 kb internal tk fragment. 
Grancvclovir resistance analysis 

[00112] Functional expression of iht tk gene was tested with gancyclovir 

(Sigma Co.) treatment. The cells were seeded in 24-well tissue culture plate (1 x 10^ 
- cells/well) and grown overnight. Gancyclovir (rangmg firom O to 50 mM) was added to 
each well, and cell growth was observed for several days. Wild type 293T cells were 
insensitive to gancyclovir up to the highest concentration tested (50 mM), whereas the 
two cell lines with the single Pc-PP'-tA:-PT fragment were sensitive to gancyclovir. 
(|)C31 inteerase-mediated recombination 

[00113] Four fig of both pJHKl and pJHK2 were co-transf ected into 1 x 10^ 

293T cells that harbor a single copy of pJHK3. Three days after transfection, the cells 
were serially diluted and transferred to fresh DMEM containing 50mM of hygromycin 
(Boehringer Mannheim) or gancyclovir. The resistant cells were isolated around 14 
days after transfection, and fiirfher analyzed. For the transfection with linear DNA, the 
BB -ftpf-BTB linear fragment was prepared as a KpriL fragment purified from pJHK2. 
Molecular analyses 
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[00114] Genomic DNA was isolated from 293T cells using QIAanii»R DNA 

Blood Mini Kit (Qiagen, Valencia, CA) according to the manufacturer's manud. 
Genomic Southern hybridization was performed with standard protocol where DNA 
probe was made using random primed DNA labeling kit .(Cat# 1004760) from 
Boehring^ Mannheini. 

Results and Discussion 

[00115] An mRNA, such as one implicated by comparative genomic or 

transcript-profiling analysis, can be selectively amplified by PGR using primers with 
atiP rads. As depicted in Rguie 5A, the <tfrP ends were in opposite orientation such 
that the cDNA can insert into the' target in eathar orientation. The dual recombination 
reaction would fuse the cDNA behind the target promoter for sense (F|gure 5A) or 
antisense. expression (Hgure 5B), with the expectation that it may lead to hyper or 
hypo-production of the geiw inxxhicL Concomitantly, the loss of the counter-selection 
gene would provide detection for site-q)ecific gene replacement. In the figures that, 
follow, whereas promoters ate explidfly indicated, for simplicity, terminators, 
sequences that promote transcription termination and lie downstream of every coding 
region, are not shown as separate elements. 
Single copy target cell lines 

[00116] To create a target site in the human genome for the targeted 

insertion of a linear DNA fragment, the construct pJHK3, which has a Pc-PP'-Zfe-PT 
fragment within a pcDNA3.1/zeo vector backbone was transfected into the human cell 
line 293T. Expression of the tk gene conferred sensitivity to the nucleoside analog 
gancyclovir. As the vector backbone contains a zeocin resistance gene, zeocin resistant 
colonies resulting from random integration of pJHK3 were purified and analyzed by 
Southern hybridization. 
Molecular Analvsis of target cell lines 

[00117] Genomic DNA from 32 cell lines were ti:eated with X?k?I or Hindis. 

and probed with tk DNA. Xhol or HindEi cuts once upstream or downstream of tk, 
respectively. Hybridization to the ik probe should reveal the transgene-host DNA 
border fragments on both sides of the pJHK3 insertion. A single hybridization band 
detected in Xhol and HindSL tsated DNA would indicate a single inserted copy of 
pJHKS. Two ceU lines, JHKSa and JHKBb, met fliis expectation. The fragment size of 
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the XIwI or Hindm was not predicted as it depends on the position of nearest Xhol or 
HindUL host cleavage site. Cell line JHK3a revealed a single ~7 kb band in Xhol cut . 
DNA and a single -7 kb band in Hindm cut DNA. CeU Une JHK3b showed a single 
-13 kb band anda single -10 kb band in Xhol and ffindin treated respectively. 
[00118] .Structurally, the PcTPP'-fil>P'P fragment was intact in both cell 

lines. ifce a^P sequence contmed a Cleavage%^.y^Enj:ele^^ 
-2 ii) tk fragment .detected by the ^i: probe and both lines showed this pattern. The Pc- 
PP'-rfc^P'P fragment was also im with respect to tk expression. In these two cell 
lines, the addition of gancyclovir to the growth media, even .^t the lowest concentration 
tested (1 xnM), resulted in the arrest of metabolic activity, as determined by the lack of 
a color change in the growth media and by microscopic examination. In contrast, flie 
parental nontransgenic line was resistant to gancyclovir up to the highest concentration 
tested (50 iqM), as the growth media changed from a reddish to a yellowish coloration 
and flie cells proliferated. 

[00119] For simplicity. Figure 5 depicts tihie zeocin resistance marker 

downstream of Pc-PP'-*-P'P fragment, although the molecular data could also be 
compatible with it being upstream. Since tiie relative placement of the selectable 
marker gene is not important, its precise location was not determined. 

Exchange of h pt into the target locus 

[00120] To test the concept of directing a DNA exchange reaction at the 

genomic target, cell lines JHK3a and JHK3b were transfected with pJHK2 with or 
without the <t€31 integrase-expressing construct pJHKl. The construct pJHK2 
contains a BB'-/ipr-B'B fragment, where BB* and B'B represent, respectively, the 
forward and reverse orientation of a 53 bp attB sequence (Figure 5C). Recombination 
between the hpt S'-attB and tiie tk S'-attP links Pc with hpt, allowing for the 
expression of hpt and conferring resistance to hygromycin. However, recombination 
between the hpt S'-attB and tiie tk S'-attP links Pc with the antisense orientation of hpt, 
and the cell should retain hygromycin sensitivity. Therefore, the number of 
hygromycin resistant colonies recovered represents only half of the total DNA 
targeting events. 

[00121] Table 2 lists the transfection results with the two cell lines. The 

control plasmdd pcDNA3.1-hpt. which harbors a Pc-hpt fragment that expresses tiie hpt 



42 



wo 02/08409 




PCT/USOl/23049 



gene (Figure 5D), yielded -3,200 hygromycin resistant colonies per million cells. This 
indicates a random integration frequency of about 0.3 %. When transfected with both 
pJHKl and pJHK2, -88 to 550 hygromycin resistant colonies were recovered, 
Assuming that only half of the targeted event were scored as hygromycin resistancp, 
this translates to --ISO to 1,100 targeting events, or between -^2.8% to 17% of Ite ; 
random tm^ormsit^^ , In contrast,. l^gromyci^ jesistaiU colonies were 

found when either pJHKl or pJHK2 was the.sole transfectibn substrate. 
[00122] The hygroxaycin resistance phenotype indicates that hpt h^ 

integrated behind a genomic promoter. As hygromycin resistant colonies were rial, 
recovered from the control transfection, by pJHK2 without pJHKl, the resistance 
phenotype must be due to recombination between the hpt 5'-a^£B and the th S-att^: 
sites to form a Pc-/tpt junction. To test if recombination had also occurred between th? 
hpt 3'-attB and the tk T-attP sites, representative clones were analyzed by PGR. 
Primers corresponding to hpt and to DNA adjacent to the tk3' aftP sequence were used 
for PGR reactions on representative hygromycin resistant clones (Figure 5F). The 
expected 1.2 kb PGR product was detected in all of 8 representative clones, but not 
from the progenitors JHKBa or 293T. This indicates that tbe recombination between 
the hpt S'-attB and the * 5'-artP sequCTce (sense orientation) can be accompaniediby 
recombination between tiie hpt and the tk S'-attP. likewise, it is expected that 

the recombination between the hpt S'-oftB and the tk 3'-attP sequence (antisense 
orientation) can be accompanied by a recombination between }ipt y^attB md the tkrSl- 
attP. These dual recombination reactions will exchange out the tk DNA. 
Gancvclovir resistance from DNA targeting 

[00123] Hie recombination betwem the hpt S'-attB and flie tk S'-attP not 

only links Pc with Jipt, but also displaces * from Pc. Therefore, a targeted event was 
expected to produce a gancyclovir resistant phenotype. When hygromydn clones were 
transferred onto media with 50 \M gancyclovir, after one week, 9 of the 12 clones 
exhibited clear resistance to this nucleoside analog. The oflier clones appear sensitive 
or perhaps have a low level of tolerance to gancyclovir. A sensitive or low resistance 
phenotype is possible for a variety of reasons. For example, depending on tiie 
metabolic state of the cell, it may take longer for a cell to be free of previously 
synthesized tk proteins. Altematively, tiie tk gene tiiat is exchanged out of the target 
locus may have integrated elsewhere in the genome. 
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[00124] In smmnaiy, the lecoveiy of clones that exhibit resistance to 

hygrom^cin, sensitivity to gancyclovir. and the correct molecular junction is consistent 
with the DNA exchange event shown in Figure 5 A. 



Table 2 

Jransfectipttresidts scoredashy million ceUs. 



Cell line 

TransfecUon siibstrate 

NoDNA 

pJHKI 

pJHK2 

pJHKI + pJHK2 
pbDNA3.1-hpt 



JHK3a 




JHKSb 




Hyg" 


frequency.(%) 


Hyg" 


.frequency (%) 


0 


<1.00E-06 


0 


<1,00E-06 


0 


<1.00E-q8 


0 


<1;00E-06 


0 


<1.00E-06 


0 


<1.00E-06 


550 


5.50E-04 


£>8, 


8.80E-05 


3200 


3.20E-03 


3500 


3.50E-03 



Example 4 

Gene Replacemeta in Plant Cel^^ 

[00125] This E?cample illustrates a strategy for gene replacement usiiig. 

linear DNA molecules in plant cells. Compared to Example 2, this example 
incorporates two additional features: First, the hosit ceD produces the integrase or 
recombinase protein, so a. co-transforming integrase or recombinase expression 
' construct is not needed, and second, the trait gene is flanked by inverted attB sites- TBis 
allows the gene fragment to be .placed.behind a .genomiapromoter in either orientation. 
In one orientation, a sense transcript would be produced, in the other orientation, an 
antisense transcript would be produced Sense expression could lead to hyper 
expression of the gene, whereas antisense expression could lead to suppression of the 
corresponding host gene or gene family. 

[00126] Figure 6 depicts a general strategy using two specific constructs. 

The target construct consists of a BB'P-attP4nt-35S'CodA-35S-npt (inverted attPyLB 
fragment. Abbreviations used: P, promoter; 555, CaMV 35S promoter. codA, cytosine 
deaminase gene coding region, npt, kanamydn resistance gene coding region. The 
attP site and tiie corresponding int gene belong to the class of irreversible 
recomhmation systems such as the (t>C31 system. RB and LB are the right and left T- 
DNA border sequences from Agrobacterium mediated gene transfer. The SSS-npt 
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fragment peiinits selection of the target construct in the host :genpine. The cpd!A , gene 
is a coimterUelectaBle in^ encodes cytosine deaminase, an:en2g^e that can 

convert siqpplemeaatju^ STfluorocytosine to toxic 5-fliu:ouraqa. If 5-BuorocytQ3ine is 
added to ^he c medium, only cells JEhat;have^^ mil 
thrive; l^e .use .^of i^^^ riiarkers, cotmterrsdectable^.m 

^roinote^s^|)ossi^ - ' ' ' " * ■' 7 - r 

[00127] ^ aeintegrating:cOT 
, (SDNA, iyy a set of <aE«5 sites of inverted cmkit^^ .ywo. jpossible 

confi^uratibM can be achieved that resiilt$ m loss cif the cpdA counfer^^ectsiBle 
marfceii Itrone configuration, the cDNA is transoibed in the sense orientation (Figure 
6A). In the other configi^^ cDNA is transcribed in the antismse orientatidii 
(Figure 6B). 

Example^ 

Use of Two Recombinase Systems to Introduce:,a Gene into a Oiromdscme md Excise 
Extraneous DNA 

[00128] This example illustrates a general strategy to combine two different 

recombination systeins to deUver a gene to a designated chromosome target followed 
by removal of die unneeded DNA. The strategy is dis^jprammed in Fig^ 7. 

Methods 

[00129] ^ Figure 7 depicts a general strategy using two specific constructs; 

The receptor construct consists of a P-attP-int-P-sell fragment flanked by a set of 
inverted recombination sites belongmg to the class of reconabination systems where the 
recombination sites are identical or neady identical in sequence. These recombination 
systems mclude, for example, tiie Cre-tojc system, the FLP-FRT system, ttie R-Rs 
system, and the P recombinase-jix system. P stands for a promoter, sell for a 
selectable marker, for an integrase or a recombinase coding region corresponding to 
the respective attP site. The. attP site in this case can be a recombmation site belonging 
eithra: to the class of irreversible recombination systems such as the (|)C31 system as 
shown in Figure 7A, or to the class of reversible recombination systems as shown in 
Figure 7B such as tiie Cre-Zojc system, tiie FLP-FRT system, the R-Rs system, or the p 
recombinase-^ix: system. 
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. [00130] The donor integrating construct consist of aUB-sell-P-^trait, where 

Prtrait is flanked by a set of inverted recombination sites belonging to the class of 
recombijaation systems where the recombination sites are identical or nearly identical 
:: in sequence. *Trait" is the gene ^iat confers the txait to be.enguieered into the, genoine. 
;7 The ortB/^site in this case ican be a recdmbinaticm site class of 

^.fe^vin^versS^ sudfa las th^^ to the class .p|;^ 

leveMbierecprp^ theIO*-Fi?rsys th^ 

R-r/Jjr syj5tem,.andthe P^,^^^^ 

[0013].] Step 1: Tlie ^^attP-rint-P^sell target construct, flanked by the 

inverted recombin^pn sites, is inserted by conventioiial transfonnation into the ho^t 
genome. If desired, the inveited recorSrinatioh sites can be used to f acilitaite the 
construction of single copy iransgenes by the resolution of coniplex integration pattemi&v 
as described in, for example. U.S. Patent No. 6,114;600. Altraiatively, single copy: 
transgenic recipients can be obtained through molecular screening methods. 
[00132] Step 2: The integrating construct is trarisforoied iii^^ 

which is the transgenic cell line that contains the target construct In this example, tKe 
target line produces the integrase or recombinase. If the target line does not express tiie 
mtegrase or recombinase, the gene, mRNA or protein corresponding to the integrase or 
recombinase can be co-introduced along with the integrating construct. The integrating 
construct will integrate by attP x attB recombination into the genomic target This will 
place the trait gene between two sets of fragments that are not needed for function of 
the trait gene and that can be removed by site-specific deletion of the DNA bracteted 
by recombination sites. 

[00133] Step 3. The recombinase, or recombmase gene, mRNA, or protein, 

corresponding to the recombination sites that bracket the two sets of unneeded DNA is 
then introduced into tiie host cell by eifiier a stable or a transient method. For example, 
the stable introduction of a recombinase gene can be through a genetic cross; or 
tiirough another round of stsible transformation. The transient introduction of tfie 
recombinase can be introduced by transformation methods that deliver the protein or 
mRNA molecule, or by delivery of the recombinase gene that do not result in stable 
integration of the DNA molecule. 
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[00134] Step 4. Upon successful site-specific recombination of the 

uimeeded DNA by the introduced recombinase, the host cell will contain only the 

desired trait gene flanked by a set of inverted recombination sites. 

[00135] Figure 7B depicts a variation of the strategy in which the removal ' 

of mmeeded DNA is conducted with a second irreversible recombination system thit 

does not recognize the irreversible recombination sites of the &st ir^-eversible . 

recombination systena. The receptor target construct consists of a P-attP-inuPrsell 

jQragmerit flanlped by a set of irreversible recombination sites, attP-2 (PP-2), froin a 

second inreyersible recombination system. The donor mtegrating construct consists of. 

attB-^sell-fP-trait, v/heic P-trait is flanked by a set of irreversible recombination sites/ 

MB^2 (BB -2), from a second irreversible recombination system. 

10013€\ Step 1: The P-attP-int-P'Sell target construct, flanked by attPr2 

sites, is insdted by conventioMl transformation into the host genome. 

[00137] Step 2: The integrating construct is transformed into the tk^ 

integrating by a«P x ottB recombination into the genomic target. This will place the u 

trait gene between two sets of fragments that are not needed for function of the traitr 

gene and that can be remoyed by site-specific x recombination. 

[00138] Step 3. The recombinase corresponding to the anP'2 and attB-Z 

sites is then introduced into the host cell by either a stable or a transient method. 

[00139] Step 4. Upon successfiil site-specific recombination of the 

vinneeded DNA by the introduced recombinase, the host ceU will contain only the' 

desired trait gene flanked by a set of hybrid recombination sites PB -2 and BP-2, 

Example 6 

Gene Stacking 

[00140] This Example illustrates a general strategy to combine the use two 

different recombination systems to dehver a series of genes to a designated 
chromosome target followed by the removal of unneeded DNA. The sequential 
addition of trait genes to the same genomic' site is referred to as "gene stacking." This 
method results in a precise stacking of a series of trait gmes at a genomic location 
without incorporating other unneeded DNA that could cause additional concerns, such 
as antibiotic resistance markers. The method is applicable for all cells that can be 
transformed by DNA, includmg animal and plant cells. 
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Methods 

[00141] Figure 8 depicts an example of this strategy that uses a series of 

: specific constructs. The receptor or target construct is the same as that .described in 
' iPigure VA, except 

r\ TCCoraJMnationisysten^ j^r 
• c [00142] -i^e&st^^ 

attB, where P^traiil qttB is flanked by a set of inverted recpmbipation sites belongir^g 
to the claas of reyersible recd^^ systems where ttie recqmbin^on . sites ^a^^^ 
identical or nearly identical hi sequence. For illustrative purposes, the dre-Zra systena 
is used hcsrd^ jan exainple of this class of recqnibination systems; however, oth^ 
reveisible ;reconibinases are also suitable. The gene traitl is the trait ;gene>tp be , 
engineered into the gmome, P stands for a promoter, and seI2 is a selectable mariner, 
coding-region. The ahS site in this case must be from a recombination site belon^g 
to the class of irreversible recbmbinatiori systems such as the ^C3l system. 
[00143] Step 1: The P-attP-int-P-sell target construct, flahted by the 

inverted lox sites, is introduced by conventional transforniation mto the host genome 
(Figure 8A). 

[00144] Step 2: The integrating construct is transformed into the target hne, 

i.e., the traosgenic line contauiing the target construct (Figure 8A). In this example, the. 
target line produces the integrase or recombinase. If the target line does not express the 
integrase orrecombinase, the gene, mRNA or protein corresponding to the integrase or 
recombmase can be co-introduced along with the integrating constmct. The integrating 
construct will integrate by attP x oflfl recombination into the genomic target. Smce 
there are two ottB sites present in the integration construct, either site can recombuie 
with the gMiomic attP site. If the ottB site downstream of traitl recombines with attP, 
then the resulting integration event will not activate expression of the selectable marker 
sell. On the other hand, if the aUB site upstream of sel2 recombines with attP, then a 
P'attR'Sei2 linlcage will be formed. Transcription of sell by an upstream promoter will 
confer a selectable phenotype. This class of integration events can be selected for. The 
resulting stracture places the P-traitl-attB fragment between two sets of fragments that 
are not needed for function of the trait gene, and that can be removed by site-specific 
deletion of the DNA bracketed by directly oriented lox sites (Figure 8B), 
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[00145] Step 3. The recombinase gene, mRNA, or protein, corresponding 

to the recombination sites that bracket the two sets of unneeded DNA is then 
introduced into the.hpst cell by either a stable or a transient method. For example, the 
stable introduction of a recombinase gene can be through a genetic cross, or through 
another round of stable transformation. The transientintroduction ;bf the reconibm^^ 
can be introduced by transfonn^^ that deliver the protein or |qRN 

molecule, ot by delivery of the recombinase ;gerie that do not result in stable integratibpi 
of the DNA molecule, 

[00146] Step 4. Upon successful site-specific recombination of the 

unneeded DNA, the host cell will contain only the desired trait gene and an ottB site 
flanked by a set of inverted lox sites (Figure 8C). The single dttB site at the 
chromosotnal .target locus can now serve as a target for another round of site-specific 
recombination. Moreover, the lack of selectable marker genes in tihe host genome^ 
would inean that the previously used markers sell and sel2 could be used again for 
subsequent transformation. 

[00147] Step 5. Introduction of trait2 (Figure 8C). The second trait gene, 

trait2, can be introduced by an integration construct containing the following fragmeint: 
attP-P-trait2-attP4ox'P'Sel2. Note that the jrfj or the sel2 niarker can again serve as . 
the selectable marker. Either attP sites can recombine with the genomic fltfd? site to 
integrate the DNA at the target site and confer a selectable phenotype encoded by sel2. 
Jf the attP site downstream of trait2 recombines with attB, then the integration 
stmcture will be as shown in Figure 8E. If the attP site upstream of P-trait2 ^ 
recombines with attB, then the integration stmcture will be as shown in Figure 8D. 
The two classes of integration stmctures can be determined by molecular analysis. 
Only the class shown in Figure 8D will be useful for additional gene stacking. The 
class shown in Figure 8D is kept, while the class shown in Figure 8E is discarded. 
[00148] Step 6. Repeat steps 3 and 4 to remove the unneeded DNA from 

the stmcture shown in Figure 8D. This will result in the integration stmcture shown in 
Figure 8F. 

[00149] Step 7. iitroduction of trait3 (Figure SF). The third trait gene, 

trait3, can be introduced by an integration construct containing the following fragment 
attB'P'traitS-attBAoX'P'SeU, Note that the sell or the sel2 marker can again serve as 
the selectable marker. Either attB sites can recombine with the genomic attP site to 
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integrate the pNA at the target site and confer a selectable iphenotype encoded by sel2. 
Depending on which aUB i&combmtk with attP, the integration structure will differ, „ 
The two integriation structures can be detennined by molecular analysis. TTie structurp, 
that w^l^ermitjfurthe^ 

recoinbinatibn%etween the ottB site upstream erf P-trdit3. 
' [OOlSQU-i ; ; ^ iStep 8. V3lepeat step^^ {3 and 4 tPiremoA^ unneeded 

the structured shown m Kgqits 8G. This ^yi/iU lesiilt in tkxt integration shownw. 
Hguje:8H^. .' i. 

P)0IS1]. /Step -9: latK)^^ The fburlh trait gene^^ 

^ra?r4, can be introduced by an intejgration constnujt con following fragment: 

attP'P'irdiPt^^^^ Note that the jeZJ^^OT the s^Z2 marker can agmn serve as 

the selectable marker- Either attP ates can recombine with the genonuc flitB^^s^^ 
integrate the©NA at the target site and confer a selectable plienpigrpe mcoded by 5«Z2; 
Dependiiig on^^v^^ fl/iB, the intejgrafion^^ wiU diff^^-^ 

The twb inte^ation jstructur^ can'be detersoaiii^by mdlecida^^ analysis. The structure 
that will peimt"Wther gene stacking is shown in Figiia» 81, whibE is derived frointthe 
recombination of the o^^P site upstream 

[00152] Stq> 10. Repeat steps 3 and 4 to remove the unneeded DNA intJhe 

structure shown in Rgure 81. This will result in the mtegration structure shown iii . 
Figure 8J. . ^ 

[00153] Step 11. Introduction of traitS (Figure 8J). The stacking of the 

fifth trait gene, traitS, is depicted in Figure 8J. In principal, it is essentially the same as 
illustrated by the strategy to stack trait gene number 3, traitS. likewise, the stackmg of 
trait gene number 6 will be the same as the stacking of trait genes number 2 and 4. 
This recurring pattem can be repeated indefinitely, and the same marker gene can be. 
"recycled" for use m each transformation event. 
Variations 

[00154] One can also use sets of inverted attB and attP sites, rather than sets 

of directly oriented sites. Figure 9 illustrates this possibility. The set of events is 
essentially the same as that described for Figure 8 except for the pairs of inverted attB 
and a»P sites. 
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Gene Replacement from Concatemeric DNA 

[00155] This example illustrates a general strategy to deliver a DNiA. 
fragment to a designated chromosome target by a gene replacement strategy, and . in 
conjunction with a second recombination system, the unneeded DNA can be 
; subsequently renioved from the genome/T^^ concatemeric fonsi, 
' which can result from certain gene transfer inefhods such.as bioHstics. \ 

IResiilts 

• [00156] Rgure 10 depicts a general strategy for this method that uses two 

specific constructs. The target construct consists of a P-attP'int'P'Sell'OttP fragment 
flanked byla set of inverted recorobination site belonging to the class of reversible 
recombination systems where the recombination ^sites areidentical or nearly identical, 
in sequOTce: These recombination systems include, for example, the Cie-tox. system,, 
the FUP-FRT system, the R-fo system, and the P rBcombinase-.six system/ In Figure 10^, 
P stands fbr a promoter, jeZJ for a sdectable niarte^ 

or a recombinase coding-region corresponding to the respective attP site. The ortP site 
in this case is a recoinbinatiott site belongmg to the cliass of irreversible recombination 
systems such as the <j)C3 1 system. 

[00157] The integrating constmct contains attB-sel2-P'traitUanB, where 

the P-rraif segment is flanked by a set of inverted recombination sites belonging to the , 
class of reversible recombination systems where the recombination sites are identical 
or nearly identical in sequence. For illustrative purposes, the Cre-Jra system is used as 
an example of this class of recombination systems, although other reversible 
recombination systems are also suitable. The gene traitl is the trait gene to be 
engineered into the genome, P stands for a promoter, and sel2 is a selectable marker 
coding-region. The ottB site in this case is from a recombination site belonging to the 
class of irreversible recombination systems such as the <|)C31 system. 
[00158] Step 1: The P-anP-ira-P'Sell-anP target construct, flanked by flie 

inverted lox sites, is introduced by conventional transformation into the host genome 
(Figure lOA). If desired, the inverted lox sites can be used to facilitate the construction 
of single copy transgenic lines by the resolution of complex integration patterns as 
described in, for example, US Patent No. 6,114,600. Alternatively, smgle copy 
transgCTic recipients can be obtained through molecular screening methods. 
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[00159] Step 2: The integrating constract is transfonned into the ^to^ 

i.e., the transgenic line containing the target construct (Figure lOA). In this example, ' 
the target line produces the integrase or recombinase. If the target line does not express 
the integrase or recombinase, the gene, naRNA or protein corresponding to the^ 
integrase or recombinase can be co-introduced along with the integrating construct 
Ilie integratiiig.Gonst^^ will integrate hy attP x o^tB. recombination into the genomic 
target Since ithere are two sites present in the integration construct, and two a«f 
sites.pr©5ent in-l^^ genomic target either cflS site :can recombine with either genondiq 
attP site. In ^this instance, only in the case where the aflS site upstream of sel2 
lecombines with the attP upstream of int will there be a P-attR-seU linlcage formed. 
TranscripliQn of s$l2 by an upstream Remoter will confer a selectable phenotype. This 
integration event can be selected for, and must be followed by a second downstream 
attP X attB recombination. As depicted in Figure lOA, recombination between , the 
gOTomic ottP and the attB site immediately downstream of traitl would produce the., 
configuratiad shown in Figure lOA, B. However, even if another attB site fmtherfi 
downstream of traitl lecombines widi the genomic attP site, the final outcome woidd 
be the same. That is, the resulting structure places the P-traitl fragment between two 
sets of fragments that are not needed for function of the trait gene, and that can.be 
removed by site-specific deletion of the DNA bracketed by directly oriented lox sites 
(Figure lOB). 

[00160] Step 3. The recombinase gene, mRlSfA, or protein, corresponding 

to the recombination sites that bracket the two sets of unneeded DNA is then, 
introduced into the host cell by either a stable or a transient method. For example, the 
stable introduction of a recombinase gene can be through a genetic cross, or through 
another round of stable transformation. The transient introduction of the recombinase 
can be introduced by transformation methods that deliver the protein ox mRNA 
molecule, or by delivery of the recombinase gene that do not result in stable integration 
of the DNA molecxile. 

[00161] Step 4. Upon successful site-specific recombination of the 

unneeded DNA, the host cell will contain only the desired trait gene flanked by a set of 
inverted lox sites (Figure IOC). 



Variations; 
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[00162] It is also possible to use sets of inverted ottB and attP sites, rather 

than sets of directly oriented sites. Figure 11 illustrates this possibility. The set of 
events is analogous to that described for Figure 10 except for the pairs of iaverteil ottB 
and altf , sites, ^ 

V ExanapleS 
Transgene translocation in Arabidopsis via chromosome recombination 
[00163] This example denionstrates a strategy that uses the bacteriophage 

<|>C31 site^gpecific recombination system to translocate a transgene from one plant liiie 
to another; The strategy also incorporates the option to use a second site-specific 
recombiiiation to remove the unneeded DNA, thereby leaving behind only the,.trait 
gene in tbe host genome, 

[00164] The laboratory line (donor line) is transformed with a transgene that 

is flanked with a set of specific recombination sites. A corresponding set of .sitesds ^ 
introduced into the elite line, the desired field variety (receptor line). When thei;> 
laboratory line is ciossed to the elite lines, site-specific recombination takes place 
between the laboratory luie chromosome and the elite line chronaosome. In the 
presence of the recombinase, the transgene would translocate firom the laboratory line , 
chromosome to the elite line chromosome without the translocation of adjacent Dl^A. 
In principle, , the translocation event can be between non-homologous or honiologqiM; 
chromosomes. If between honlologous chromosomes, the translocation event can be 
between different positions, or the same position in the homologous chromosome. . 
[00165] Figure 12A depicts the two plant lines used in this demonstration. 

A target plant line was transformed with pCD426. This "receptor" construct was 
derived from an Agrobacterium gene transfer, vector pPZP21L Inserted between RB 
and LB, the right and left border sequences of AgrofeacteriMm-transferred DNA, was 
the following DNA segment ZoxP-555-PP'-n/?f-555-i7zt-PP'-(inverted loxP\ where 
35S is the cauliflower mosaic virus 35S RNA promoter, loxP is a wild type 
recombination site of the CxeAox recombination system, PP' is the attP site of the 
<|)C31 recombination system, npt is the coding region of neomycin transferase, and int 
encodes the integtase of the ^C31 reconibination system. Whereas promoters are 
explicitly indicated in the figures, for simplicity, terminators that promote transcription 
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tertDination and lie downstream of every coding region are not shown as separate 
elements. 

[00166] The second plant line was transformed with pGD414, a "donpf ' 

construct derived from. pPZP21 1 . A DNA segment consisting of BB' -bar4oxP'P3' 
gus'imv6xttd loxPy35S-BB RB and IiB,v 

where &ar encodes resistance to the herbicide basta, P3 is a . sugarcane bacillifoi^ 
badnavirus promoter, is the coding region of p-glucuronidase, dhlA is the coding -, 
region for haloalkane dehalogenase (Naested et aU 1999 Plant L 18:571-76), and 
aacCl encodes resistance to gentamycin. The P3-gus fragment represents a typical 
trsdt gene destined for intrpgression into the receptor eKte 1^ 

[00167] When the donor line was crossed to the receptor line, integrase^ 

promoted site-specific recombihati^ was expected between the two chromosomes, vlf 
the np^-proximal PP* recombined with the 6ar-proximal BB\ 35S would disengage 
from npr and fuse to iflr. This event would confer resistance to basta. Any other PP! x . 
BB' combination would not yield a bar selectable phenotype. If the downstream PP?^^^ 
BB' event also took place, the SSS-dhlA linkage would be broken. Expression of dUA 
confers sensitivity to DCE (1,2-dichloroethane). Hence, plants that are resistant to bpffi 
basta and DCE should have the ter-toxP-P5-giw-(inyefted ZoxP)-5JS segment of DNA 

translocated from the donor chromosome to the receptor chromosome. 

• ■■ ■ ■ " . • c ' 

[00168] In this particular scenario, since the donor and receptor lines are 

independently transformed via random delivery of the T-DNA, the donor and receptor 

sites will be at different loci. Nonetheless, the same principle still apiplies if the donor 

and receptor sites are at the same locus (same position of homologous chromosomes). 

In all instances, the site-specific recombination on both sides of the transgene will 

eliminate the linkage drag of the donor DNA that flank the donor transgene. 

Results and Discussion 
Donor and Receptor lines 

[00169] Arabidopsis ecotype Columbia was transformed by Agrobacterium- 

mediated transformation with pCD426. Likewise, Arabidopsis ecotype Landsberg was 
transformed with pCD414. The two ecotypes have sufficient polymorphic markers 
such that if necessary, the amount of donor DNA can be estimated in the receptor line 
background. This simulates a typical introgression program between a donor 
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laboratory line and an elite field variety, as represented by Laudsberg and Columbia 
ecotj^es, respectively. 

[00170] ;Eanamycin resistant Columbia lines, conferred by ihe SSS-VP'-npt 

v- fragment, were analyzed by Southern hybridization. Apprpximately 10% of the 
■ kanamy^anrresistant plants were found to harbor a singje intact copy of the :pGD426 
I encode^^ as .depicted in Hgure 12A. Gerrtmycin ,r^ I^ndsberg lin^ , 

were also screened for sirigle copy insertions, as conferred by Hxe SSS^aacCl DNA. 
: . ■ Aithoiighin principle, it does not matter if the donor or the receptor lines contain 
multiiije^transgene copies, the counter-selection with the dHlA marker would not be 
effective uifless aU copies of the 35iS-BB'-£0iZA 1^^ 
PI plants 

[001713 TaHe 3 Hsts the pair-wise crosses betweeii 3 sin^ 
single or low copy pCD414 lineJs. Eghteeri of the possible 21 pair-wise combinations 
V were crossed and yielded Fl progeny. .Fl progmy were selected for resistance 40". 
gentamycin. A PGR assay was used to identify plants that also had the receptorrlocus^." 
Those that met these criteria were selected for the production of F2 seed. In addition, 
these Fl plants w^e subjected to a set of tests for site-specific recombination. 
[00172] A first test was to examine for basta resistaiace in individual leaves that 
were painted with basta. In some combinations of crosses, some of the leaves showed 
signs of lesistance .to the herbipide, and rcmained green while parental leaves turned 
yellow. A second test utilized was PCR analysis of leaf DNA for flie presence of a 
355-PB'-fcar junction. Primers corresponding to the 35S and the nos3* tecmiiiator, 
which is present at the 3' end of both bar and npt should amplify a 1.1 kb SSS-VP'-npt 
non-recombinant junction and/or a 0.8 kb recombinant 555-PB'-&ar junction (Figures 
12A, 12B). The relative abundance of the two junction bands should indicate the 
amount of recombination. In some Fl plants, the 0.8 kb 555-PB'-iar junction was 
found. However, the relative low abundance of this 0.8 kb product, compared to tiie 
1.1 kb product, suggested tiiat only a minority of the cells have recombined. 
[00173] A third test was Southern analysis of Fl floral and leaf tissues. DNA 
was cleaved with a combination of EcoRL, HindSl and Sacl (Figure 12A, 12B, 
depicted as E, H, S, respectively) and hybridized to a 35S probe. Figures 12A and 12B 
show the cleavage patterns expected from the parental and recombinant chromosomes. 
In CD426, the hybridization probe is expected to detect a single 3.1 kb band. In 
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CD414, the probe should hybridize to two bands, one of a predict size of 2.5 kb, and 
the other a transgene-host border band of a size that depends on the position of the 
nearest host cleavage site. In a double reconibination event that translocated the 
designated DNA fragme^^^ the receptor chromosome should show two new bands of 
2.2 and 1.1 while in the donor chromosome a sin^e new 1.9 kb band and the same size 
V'Vt^^ansgene^iost border ^fr > - ^ , . -V 

[00174] .In instances where^ recombination was detected, the Fl plants were 
chimeric for the recombination event. The majority, of the hybridization signal was to 
the parental fragjnents of 3.1 and 2.5 kb. However, when the blots were subjected to 
longer exposure times, .a recombinant band was detected Since intense hybridization 
is seen in the -i^to 3.1 kb region, the expected 2^ and 1,9 kb rrcombinant-bands coiad 
not be observed over flie background However, the 1.1 kb -band was clearly detected;^ 
in some of the plants, in both floral and leaf tissues. This hybridization pattem was 
similar for Fl progenies ficom some other crosses. Both Southern and PGR datav 
indicated that reconibination took place in only a minor fraction of tiie cells. 
[00175] This low rate of recombination may be due to poor expression* of 

the 55S-mf transgrae, a position dtfect of tiie two participating sites for recombinatibn, 
and/or a generally low rate of reconibination expected for sites that are hot located in 
the same position of homologous chromosomes. Similar, and even lower frequeixdes 
of "ectopic" chromosome recombination have been observed previously for Cre-to;: 
mediated chiomosonie transliDcatioris in tobacco (Qin et cd., 1994Tr6c. Natl. Acad. Sci. 
USA, 91:1706-10), Arfl&wtopjw (tfiis laboratory, unpublished), and in tobacco- 
Arabidopsis hybrid ceUs (Koshinsky et aL, 2000 Plant J. 23:715-22), Npnetiieless, tiie 
basta resistant phenotype, tiie PGR detection of tiie SSS-FE'-bar junction, and the 
Southern data of tfie 1.1 kb 55S-BF-(inverted loxP) junction, are all consistent witii a 
transgene translocation from the donor to the receptor chromosome. 
F2 proeenv 

[00176] Two representative Fl plants from each cross, including those 

crosses where recombination was not detected, were self-fertilized for F2 seeds. F2 
seedlings were sprayed with basta. Table 3 shows tiiat 5 of tiie 18 crosses had at least 
one Fl line tiiat yielded basta resistant (Bar^) F2 progeny, 3 otiier crosses yielded F2 
plants tiiat showed partial resistance to basta while tiie remaining 10 crosses failed to 
produce Bar^ progeny. This is tiie same resistance pattem seen in Fl plants using tiie 
leaf-painting assay. 
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[001771 Of particular sigiiificm^ aU three receptee lines yielded, 

Bai^ progeny. Ttds indicates that suqcessM trahsgene translocation is bo^ coitfined tp' 
rare locations in the genome. Only 4 of the 7 donor lines led to Bai^ progeny, with 
some^of those crosses yielding partial Bai^^plants. /the partial resistance may be due to. / 
poor expression of the i?ar gene, sucH is that :ca^sed by ;gOT^ silencing, Amore likely ; 
;explanaiionv howe^ 'P^M.M^ ;}^J^ soniatic;^ v 

reccmbination rather than gerniinal trans^^ of a SSS-W^-^ar junction. ' 
DevelopinentaUy late recombinati6n.eve expected to have fewer cells with 

a 355-ra-6ar linkage. ^ 

[00178] ^Interestingly, 8 of the 10 .crosses that failed to produce Bai^ 

progeny have 1)een traced^^^to ^ 
threeUnes were estinaated to harbor a , copy of the donor DNA. However, it is 
possible that the lines.may not have an intact copy of tiae pCD414 T-DNA, Undetected 
DNA reanangements or point nautations within critical elements of this DNA segment, 
such as . the bar or BB* sequences, could account fra: the lack of observedjp- 
recombination^ , 
[00179] Within any combination of crosses that yi^^ 

all the sibling plants are alike. Some of the plants appealed more resi$tant to basta than 
othacs, as they grew larger than their siblmgs. A high level of Ba^ could be due to 
germinal transmission of the translocation event, or in the case of the cosegregation of ^ 
both parental donof and receptor chromosome,' from a developmentaUy early- ^ 
recombination event 

[00180] F2 seedlings were analyzed by Southern blotting. The DNA was 

cleaved with the combination of EcoRL, HiruSSL and Sad and probed with bar DNA. 
Unlike the 35S probe tiiat hybridizes to a cluster of bands, tiie bar probe is expected to 
detect a single 1.1 kb band representing the SacL-HindnL fragment of the donor 
construct (Figure 12A). Depending on the amount of recombination, the 2.2 kb 555- 
PB'-fearband should be visible. If this band hybridizes with less intensity compared to . 
the 1.1 kb parental band, it represents recombination in somatic cells. If both tiie male 
and female gametes transmitted the recombination evmt, then only the 2.2 kb band, 
and not the 1.1 kb band, should be present The 2.2 kb band was visible in all 8 of the 
F2 seedlings examined, albeit with varying degrees of intensity. In one seedling 
examined, the 2.2 kb band hybridized with an intensity similar to that of the 1.1 kb 
band. This banding pattern is consistent with germinal transmission by dther the male 
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or the iemale .germline (but not both), leading to a zygote heterozygous for the 
transgene translocation event. If so, the .homologous chrombsomes that lack the 
transgene translocation event (parental configuration) can ;be segregated away in a 
backcross to a non-transgemc. Columbia ecotype plant. The Bar^ progeny j&rom such.a 
backcross would be hemizygo'us for the transgene translocation receptor cbromosome; . 
- and-woiig these, ^:up to aJso. have .segregated .aw^y.^^^^^^ 

chipmosomemth;the reciprocal transloc 

'Tabie'3 _ ' ' ; ■ ■ 



[00181] F2 progeny piienotype iErom derived donor and 



Donor line 


CD414-8 


CD414-10 


CD414-27 


;CD414|24 


CD414-61 


. .CD414-72 CD414^82 ] 


'Donor line 


>2 . 


1 


1 








transg^ie 














copyhinhber 
CP426-2 


B# 


0 


0 


EartialBa^ 


0 




CD426-9 


Baf; 


0 


Partial Bar^ 


Bar^ 


0 




GP426-13 




0 


0 


ND 


0 





Bar^ indicates basta resistance obsCT^ed in Fl plants. 

Partial BsS^ mdicEto parti basta resMaice observed in Fl plants. 

O'initocsrte^ bastatesis 

ND indicates fliat ms8e$ bave notbeeo donB. 



Removal of iirnieededPNA 

[00182] The transgene translocation technology has been designed with the 

provision that DNA no longear needed after the translocation can be subsequently 
removed ftom the host genome. "Ihe donor and receptor locus included a set of 
inverted lecombination sites from a second lecbmWnation system, in this case,; from 
flie Cie-tojc system (Eiguie 12A). After transgene translocation, the new configuration 
on the receptor chromosome has sets of directly repeated hxP sites flanking segments 
of DNA other than the trait gene, which is exemplified by the P3-gus fragment (Hguie 
12B). HguTB 12C shows that When crossed to a plant fliat expresses the ere ^ne, Cre 
recombinase-mediated loxP-sj^xaSc recombination deletes the unneeded DNA, leaving 
only the trait gene flanked by a set of inverted loxP sites. Since inverted loxP sites can 
recombine with each other to invert the intervening DNA, the trait gene will be present 
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in either orientation with respect to the plant centromere. IWs cpuld . result in two 
distinct patterns of expression fra V ^ 

; PossiBfe variations 

'i|X)Oli^ Ilie specific^desi^ shown in feese^expe^^ 

:flM^ use w^ i^oinbinatidn ;systems ^that, unlike ^31, :giyp fre^ 

.;: trmt gene (P2-gw^) from donor to receptor chromosonies. A second recombmation 
system,:^ 

' ^ [0018*1 donor construct piVS78 is transfbrnaed into /the geiw^ at 

randomlbcations. The Pi -&ar selectable marker is flanked % directly onented /(txP 

^ / * - sites, while the donor construct fragment is flanked by a /set inverted loxSll sites. 

^ : The loxSii allele does not recombine with loxP,' Therefore, if the ere ^e is 
introduced into the gemmt^ loxP x loxP and loxSH x loxSll events will resolve tlie 
corqidexlocus iBto a^iii^ 

step can be cond^^ crosse^iatcy^ai> 
receptor line. An example of such a receptor line is VSll. As depicted in Hgure?jl3, 
double site-specific recombination between ddnor and receptor chromosomes, loxPix 
loxP and IpxSll and loxSll, will f pcm a Pi-ofta linkage, where .P2 is the rice actin 
promoter and ofta: is the acetohydroxyacid synthase coding region. Expression of^dfia 
confers imazethanyr resistance. As before, since the Pj-ZoxP-ofta segment is flanked 
" by diiecily oriented FRT sites, it can be removed siibsequehtly by the introduction of 
.theHf -lecombinase (not sho^^ 

^SiiTnTnary 

[00185] Current methods of transformation lead to unpredictable integration 

locations, patterns and copies of the introduced DNA. It is envisioned that generatmg 
target receptor lines will consist of using cmxent transformation methods to randomly 
place the target sites into the genome. Single copy target lines would be preferable to 
those with complex multiple copies. The transgene translocation strategy incorporates 
flanking inverted recombination sites and is therefore compatible with the resolution- 
based strategy to obtain single copy transformants (Srivastava etal, 1999 Proc. Natl. 
Acad. Sci USA, 96:11117-11121; Srivastava and Ow, 2001 Plant MoL Biol. 46:561- 
566; U,S. PatentNo. 6,114,600). 
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[00186] Once target lines are obtained, they can be characterized for site 

integrity and expression pattern. Those deemed desirable pan serve as target sites for. 
subsequent DNA insertions, lie target sites can thep be bred out to elite lines. 
Subsequent del^^ (or multiple trait genes within a DNA . segment) 

may proceed % Ste^sp^^ flie target site of therlaboratq^ 

^ random integratip^^^^ Iho labpr^o^y line genome. Tli^ traU gq^^^ 

segment can then :translocate from the donor line chromosonae to the elite line receptor 
chromosonae,asdembnstrated'm^t^^ . . 

[00187] On the introduction of target sites into elite backgrounds, it is 

recognized that eUte varieties are constantly evolving. For example, target site may be 
placed raiidoinly, and it lands next to gene X. The X-target is then backcrossed 
extensively to^ for example, elite line A for Texas, elite line B for Nebraska, and elite 
line C for Argentina. Over time, the elite lines A, B and C could evolve into new elite 
lines A2, B2, and C2. But since these new elite lines do not appear de novo and tihiey ; 
evolve ficom progenitors A, B and C, respectively, they would most likely harbor the J^-- 
target locus. Therefore, a new transgene, pediaps an improved version of the previoiis 
transgene, or a segment of DNA consisting of multiple transgenes, could again .be 
translocated by site-specific recombination into this Ibciis firom a laboratory line to elite 
lines A2, B2 and C2; Once the target lines are established in elite backgrounds^the 
transgene translocation technology will facilitate transgene shuttling fix)m laboratory to 
elite lines, and this will save considerable labor and time in the commercialization of 
transg^c traits. 
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CLAIMS 

• : i A meliiod of obtaimng siterspecificvg^^ 
comprising: 

■ ' - '^a)]g^ a . eukaryotic c^ that ciMop^^ i receptpr^^^ 
: r receptor -construct corEiprises a repeptor pplynudeotide flanked ^by two or mOTB of 4 
: in;eversible reconibin0on site (K 
•V/ * . b)introd^^ into the cell a donor construct that coraprises a donor 
' - pol^m^ flanked by two or more of a irreversible compleinentaiy reqc^^ 
; -V site.(CaRS)r 

c) cpntacting the recq>tor constract and the donor constract with ,an mevefsible 
recomhinase polypeptide; 

d) wherein the irreversible recomhinase catsdyzes recoinh^ 
and second types of recombination sites and replacement of .the receptor poljniucleo^ 
with the donor polynucleotide, thereby forining a repl^^ 

2. The method of claim 1, wherein the donor construct is linear. 

3. Themethodof claim 1, wherein the donor constract is a circula^^ - 

4. The method of claim 1, wherein the donor constract is a chromosome. 

5. The method of claim 1, wherein the receptor constract is a chromosome, 

6. The method of claim 1, wherein the receptor constract comprises two IRS 
and the donor constract comprises two CIRS. 

7. The method of claim 6, wherein the IRS are inverted with respect to each 
other and wherein the CIRS are inverted with respect to each other. 

8. The method of claim 6, wherein the donor polynucleotide further comprises 
a promoter operably linked to a gene of mterest. 

9. The method of claim 6, wherein the receptor constract further comprises a 
promoter that is adjacent to one of the IRS. 

10. The method of claim 9, wherein the promoter is located in the 5 prime 
direction from the IRS. 

11. The method of claim 9, whereia the receptor constract further comprises a 
second promoter operably linked to a selectable marker. 
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:12, The method of claim 9, wherein the receptor polynucleotide or the donor 
polynucleotide fixrthiBr comprises ia negative se^ 

43;The^method of claiml9rwhere^ 
polynucleotide fturther comprises a nuclei ' 

poiypeptide. ^'^ 

^4.Theiiiethodpf cl?^ 
nucleic acid encoding the irrevera^ 

liSf. The :inethod of daim; 1^1, where^ mever^^ polyp^tide 
is a^^CSl iiitegcase,: a colipb^ 
Zi^gria U153 or Al 18 phage reconibin^^^^^^^^ 

16. l1ie method of claim 15^ wherein the irreversible rec0mbmase is a; 

bacteriophage <|)C31 iiitegrase: 

17* The method of claim 1, fiirfhq: comprising deleting undesired nucleotide . 
sequences in the replacenient conirt^ contacting the replaceinent construct ivithva 
reversible TBCombinase/ wherem the replace^^ construct comprises one or more pairs - 
of directly oriented reversible recombination sites CE5RS) that are conqjatible with die 
' reversible recombinase. . :' , 

18. The metiiod of claim 17, wherein tiie reversible recoinbmkse is selected 
j&rom the group consisting of a Cre from phage PI, aFLP of yeast, a Gm recomBinase 
of ph^e Mu, a R recombmase of a pSRl plasmid, and a P recombinase from a BociHiw 
phage. 

19. The method of claim 17, wherein the receptor construct comprises two IRS 
and the donor construct comprises two CIRS . 

20. The method of claim 19, wherein tiie donor polynucleotide comprises two 
of the RRS, which two are oppositely oriented with respect to each other. 

21. The method of clahn 20, wherein the RRS flank a promoter and a gene of 
interest. 

22. The method of claim 21, wh^ein the rec^tor construct further comprises 
two of the RRS, which two are oppositely oriented witii respect to each othor. 

23. The method of claim 22, wherem the RRS flank a promoter and the receptor 
polynucleotide as flanked by the two IRS. 

24. The method of claim 17, wherein the receptor construct comprises three 
IRS and the donor construct comprises three CIRS. 

62 




WO 02/08409 PCT/USOl/23049 




25. The method of claim 24, wherein the three IRS consist.of two IftS -that are. 
identical and one lElS that is noM 

that are:idei^ n^ : ^ ^ 

: 26. Tlie method of clam^ 
icomprise^ ^1 
; . 27..ITbe:methodictf 

;]pronK>ter11iatis ac^ace^ ■ i^'^-^^.-:,-^ 

i:': 28. Pie ^thod of cjm^Mi ^^^^ ^ j)rcmioter -is ^U)cated in the 3 jpri^p . 

\diiBCtionfroi3^ •' *.,•• ' ■■•u'lv^^: 

29yThe method of daim^^2^^ 
second promote operably lj^ 

30. TJle meliiod:;^ 
pblyniwleoticle further;^c^ 

31. Tlie metbod of clsdm 2T^ whkein^:^ 
pplynucleotide further comprises ^a nucleic a^^ 

jwilypeptide. ; . : • 

32. The method of claina 3lV>yherein the 

nucleic a.cid encoding the ineversible reconibinase polypeptide, 

33; The method of claim 32,. wherein the irreyers^ polypi^ptide 
is.a (|)C31 integrase, a coUphage P4 recombinase, a coUphage la^^ 
Listeria U153 or A118 phage recombinase, or an actinophage R4 Sre recpnobinase. 

34. The method of claim 33, wherein the irreversible recombinase- is :a. 
bacteriophage ^C31 integrase. 

35. The method of claims 1 or 17, wherein tbe eukaryotic cell is selected from a 
mammalian cell or a plant cell. 

36. The method of claim 35, wherein the eukaryotic cell is a plant cell. 

37. The pilant cell produced by the method of claim 36. 

38. A plant comprising the plant cell of claim 37. 

39. The method of claim 35, wherein the eukaryotic cell is a human cell, 

40. A method of producing a transgenic plant, comprising the steps of: 

a) providing a receptor plant comprising a chromosomal receptor 
polynucleotide flanked by two of a irreversible recombination site (IRS); 
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b) providing a donor plant comprising a chrompspmal donor 
, ^polynucleotide flanked.;|>y two of a conaplementary irreversible recombination 3^te 

(CIRS); . ; - . 

. ' ' c) ' crossing 1he4ori^^^^ 

wherein expresses .an .irreversible recpmbinase pol3^)epticie that. . 

. v x^catkyzes^ and replacenient of the 

:p(^5EWcleo the donor polynuck^ thereby forming a chramosbnial 

■ ■ 4l.The.methoao^ 

line.. . . ' . 

4i:Theinethbd%^^^ 
the same species. 

43, The method of daiin 40, wherein the receptor polynucleotide further 
xsiir^rises a^^ 

M.Tlie method of claiin 43 further comprising, selecting a pfbgeny of thfe 

/transgenic plant th^^ 

45. The^method of claim 4Q, wherein thb chronlpsomal r^lacenient construct 
comptises a prpmoterioperably linked to the dono^ polynucleotide. 

.46. The method of claim 45, wherdn the promoter is derived from the receptor 

plant . . 

47 The methodf of clahn 40,' wherein "the receptor polynucleotide or the doiior 
polynucleotide further comprises a negative selectable maricer. 

48. The method of claim 40, wherein the IRS are inverted with respect to each 
other and wherein the CIRS are inverted with respect to each other. 

49. The method of claim 40, wherem the irreversible recombinase polypeptide 
is a (t)C31 integrase, a coliphage P4 recombinase, a coliphage lambda recombinase, a 
Listeria U153 or Al 18 phage recombinase, or an actinophage R4 Sre recombinase. 

50. The method of claim 49, wherein the irreversible recombinase is a 
bacteriophage <|)C31 integrase. 

51. The method of claifn 40, further comprismg crossing the transgenic plant 
wife a plant comprising a nucleic acid encoding a reversible recombinase wherein the 
chromosomal replacement construct further comprises one or more pairs of directly 
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oriented reversible recombinali^ (RRS) that are compatible with the reversible 
lecombiiiase, 

. 52, A transgenic plant produced b the method of any of claims 40-51. . 

a) r>pn)yiding a ci^: that , coinpri?es a :t$ijget construct in . chjxjn^ 

MhS^ ?a tai^g^T^^ 

lecbni^ qyKS),-M4i^^ are ojgposi^ , 

each oih^ pdlynucleoticlB con^ irrerversit?^ 

reconibkiitib^^^ 

li) ^ ^ introduciiig into the eeU a fi^^ 
donor ppljnfiucleotide, two of a complementary irreversible recombinatiph site (CIR^) 

and two RI^ ^ 

c) contacting the target construct and the first donor construct with an 
irreversitile recombinase polypeptide that is compatible widi each of t^^ 

CIRS^ wherein the ^^ j^^ recombinase iritegr^es the fi^ 

into the target constaict, thereljy forming a jBrst chromosomal inj^gr^tioii construct;;;, 

d) deleting undesired nucleotide sequences in the ^ fi^ chromdsom^lS 
integration cpnstract by contacting the locus with a reveisible ireco^ 

compatible with each of the RRS, thereby forming a first chromosomal trait cbnstnict; 

e) ^ "infiodudng intd flie cell a second donor construct that conaprises two 
niS, a second donor polynucleotide and one.RRS; 

f) contacting the first chromosomal trait construct and the second donor 
construct with the irreversible recombinase polypeptide, wherein the inreversible 
recombinase integrates the second donor polynucleotide into the first chromosonaal 
trait constmct, thereby forming a second chromosomal integration construct; 

g) selecting for a cell containing a second chromosomal integration 
construct wherein the first donor polynucleotide is adjacent to the second donor 



polynucleotide; 

h) deleting undesired nucleotide sequences in the selected second 
chromosomal integration construct by contacting the selected second^ chromosomal 
integration construct with a reversible recombinase polypeptide compatible with each 
of the RRS, thereby forming a second chromosomal trait construct; 
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i) introducing into the cell a third donor construct thatxomprises two 

j) contacting 1iie:Sepon4.c|tu^^ . 
: : ccHP^^^ wWh the rineyorrfKle reco^ 

r^^pmbinase integrates the third donor polynucleotide into the secbnci cteoinosoiiial 
^ "1^^ chroinDSOinal iiifeg^^ 

/ 10 selecting for a cefl^ 
wtoein the second donor polynucleotide is adgkcCTt to ihe^flii^ polynucleotide; 

-and • ', • ' ' . , ' 

1) deleting undesitewa nucleotide spqueiice^ iii the selected third . 

xtemosqimal integration construct by contacting :the sdtect^ t^ 

integration construct with a reyersible recoinBinase pblypeptife compatible with each 

of the RRS;thereby fo 

54 The method of claim 53, wherein any one of the donor constructs , is r a, 

circular vector. 

55. The method of claim 53, whetein the receptor construct is a chromosome: , 

56. The method of claim 53, wherein any one of the donor polynucleotides 
comprises a gene of mterest operably linked to a promoter. 

57. The method of claim 56, where the donor polynucleotide; ftuihe^ cpmiMis^s 

;avsdectable niai3^ \ . . . * , 

58. The method of claim 57, wherein the receptor construct further comprises a 
polynucleotide encoding an irreversible recombinase polypeptide. 

59. The method of claim 58, wherein the receptor polynucleotide comprises the 
nucleic acid encoding the irreversible recombinase polypeptide. 

60. The method of claim 59, wherein tiie irreversible recombinase polypeptide 
is a 4)C31 integrase, a coliphage P4 recombinase, a coliphage lambda recombinase, a 
Listeria U153 or A118 phage recombinase, or an actinophage R4 Sre recombinase. 

61. The method of claim 60, wherein the irreversible recombinase is a 
bacteriophage (t)C31 integrase. 

62. The method of claim 56, wherein the receptor construct further comprises a 
promoter operably linked to a selectable maricer. 

63. The method of claim 62, wherem the selectable marker is a negative 
selectable marker. 
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: :64;The method of clam^^^^ 

. : . mamTnalifln cell. W ^ ./ / 



1. 
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Figure 5, part 
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Figure %^.:pai:t I 
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Figure 8, part 1 
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General strategy to stack genes, part2 ' Figure 8, part II 
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Figure 9, part I 
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(5ene replacement in the host genome with directly oriented dual sites 
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•Figure -1'2 



Transgene translocation from onje chromosome to another 
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" \ Figure 13 

Transgene -translocation using reversible recombination systems 
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